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A B STRA C T  
A B S T R A CT 
H eavy meta ls  and  pest ic ides rep rese nt  a c lass o f  m a n - m ad e  
e nv i ro n mental  pol l u tants which a lso occur  natu ral l y  i n  t he e nv i ro n ment .  
T h e  p rese nce o f  t hese  po l l u ta n ts  i n  t h e  i ndus t ri a l  and  a g r ic u l t u ral  
wastewaters of ten represe nts a r isk to t he e nv i ro n ment .  I nvest igat io n o f  
t h ese species i n  t h e  water  is  an  i mp o rtan t  aspect o f  e nv i ro n me nta l  
po l l ut ion  as human act iv i t ies co nt ribu ted to t he prog ressive i ncrease i n  
t h e  conce n t rat i on  o f  t hese co mpounds i n  t he  env i ro n me nta l  as  we l l  as 
aquat ic systems .  Therefore,  ident i f icat ion and removal (o r  reduct ion )  o f  
t hese speci es to an acceptable co nce ntrat ion  are of  prime  impo rtance.  
The ana lyt ical u t i l i ty of  un l oaded o pe n-cel l  po l yu re thane foams and 
foams i m mob i l i z i ng  so me ch romogen ic  o rgan ic reage nts (chro moforms) 
as cel l u la r  so l id extracto r, i s  considered as a usefu l  add i t ion  to the f ie ld of  
se parat i on  scie nce and preco ncen t rat i on  tech n iques .  Po l yu re thane  
foam al l ows t he  iso lat io n of  the  a na ly te f ro m  t he mat ri x and y i e lds  an  
approp riate e n richment facto r. The quas i -sphe rical membrane  struct u re ,  
t h e  g ood h yd rodynamic and t h e  resi l i ence propert ies o f  t h e  foam offers 
real advantages over  t he  we l l  known g ranu la r  s u pport s  e . g .  Vo l ta le f t  
wh ich  is  cons idered one o f  the  exce l l e n t  s u pport i n  the  l i t e ratu re i n  
separat i o n  a nd p reco nce n t rat i o n  o f  t race a m o u n t s  o f  o rg a n i c  and  
i no rgan ic po l l utants from d i ffe rent  media.  
[iij 
I n  t he  present  study po lyether  type po lyure thane foam has been 
used as a t rappi ng med i u m  fo r the preconcent rat i on  and qua nt i tat ive 
recovery of  some py reth ro id and phosphorous i nsect ic ides (co m mon ly  i n  
use b y  t h e  M in istry o f  Agricu l ture and F isheries o f  UAE)  fro m  h igh  volume  
samp le  o f  ag ricu l tu  ral waters .  The detect ion  a nd sem iquant i ta t ive 
de te rmi n at io n  o f  b i s m u t h (  I I I )  i n  aqueous  ac id ic med ia  by po lyet h e r  
foam emp loy ing  1 , 5-d i - (pheny l ) -3 -mercaptofo rmazan ( H 2 Dz )  and 1 , 5-di ­
( 2 - f l u o ro p h e n y l ) - 3 - m e rcapto fo rmazan  ( F 2 H 2 Dz )  have been  cr i t ica l l y  
i nvest i gated . 
U n l oaded foams were employed i n  s tat i c  and dynamic modes fo r 
t h e  reten t ion  and se parat ion  behav iour  o f  a se ries  o f  pest ic ides e . g .  
Cypermet h r i n ,  Pa rat h i o n ,  Ma lat h i o n  a n d  C h l oropyr i fos  i n  aq ueous  
media .  The ef fect o f  di f ferent parameters ,  e . g .  co ntact t ime ,  ex t ract ion  
media ,  so lu t ion p H ,  i nsect icide concentrat ion ,  temperatu re ,  sal t  e ffect and 
cat i o n  s ize of  add ing  sa l ts  affect i n g  the reten t i on  behav iou r o f  each 
i nsecticide on u n loaded foa m  was invest ig ated . The sorpt ion  behavio u r  
o f  Parath ion  a n d  Malath ion  i n  t he  presence o f  d i fferen t  u n ival en t  cat ion  
s izes i ncreased i n  the  o rder : 
i n  g ood a g re e m e nt w i t h  t h e  so l ven t  e x t ract i o n  m ec h a n i s m ,  w h i l e  
Cypermeth ri n  and Ch lo ropyri fos fo l low t he  seque nce : 
[iii) 
i nd icat i ng sorpt ion  of  t hese species by the "cat ion  che latio n  mechan ism" .  
The t h e rmodynam ic  pa ra mete r, e . g .  6H O and 6So fo r the sorpt i o n  
p rocess o f  the  tested i nsect ic ides b y  t he  un l oaded foams were obtai ned. 
The col u m n  perfo rmance, the cri t ical  capaci ty ,  the h i ghest equ iva lent  to 
the theoret ical  p lates ( H ETP)  and the nu mber of  the theoret ical p lates ( N )  
were also ca lcu lated a n d  d iscussed . Se parat ion  of  s o m e  o f  t he  tested 
insect ic ides was also ach ieved.  
P lant analys is o f  Tomato and Pars ley pla nts u nt reated and sprayed 
w i th  C h loropyr i fos  fo r d i ffe re nt t ime  i nte rva ls  24 ,  72 and 1 20 h rs .  was 
ca rried ou t .  The analys is of n i t rogen ,  phosphorous ,  sodi u m ,  potass i u m ,  
copper ,  z i nc,  manganese ,  i ro n ,  h u mid i ty ,  wet we i g ht a n d  d ry we igh t  o f  
co nt ro l l ed a n d  sprayed p lan ts were ach ieved a n d  d iscussed. 
The qua l i ta t ive and semiquant i tat ive dete rm i nat ion  of  b i smut h ( lI I )  
i n  aq ueous acid ic  (pH < 5 )  emp loy ing  t he  ch romoge n ic reagents H 2 D z ­
a n d  F2 H 2 Dz- i m m o bi l i zed o r  p las t ic ized t ri - n -bu ty l phosphat e  ( T B P )  
l oaded foams were ach ieved v i a  batch , dynamic  a n d  pu l sat i n g  col u m n  
modes o f  extract ion .  
i )  I n  t h e  batch ex t ract i o n  mode , t h e  de tect i o n  o f  0 . 0 2  p p m  o f  
b i s m ut h ( I 1 I )  i n  aqueous acidic so lu t i o n  f ro m  a m ix tu re conta i n i n g  
t he  tested metal  i on  and F2H 2 Dz was ach i eved o n  u n l oaded foams. 
The detect ion  of  0 . 0 1 and 0 .005  ppm of  b i smuth ( I I I )  were also 
ob ta i n ed w i t h  p o l y u re t h a n e  foam t reated w i t h  F 2 H 2 Dz a n d  
[iv) 
plast ic ized F2H2Dz-TBP foams, respect ive ly .  As low as 0 . 02 ppm of  
b ismu th ( J  1 I )  were a lso detected on  po lyu ret hane foams loaded wi th 
H 2 D z  or  p l ast ic ized H 2 Dz- TBP foams .  The s e m i q u a n t i t i at i v e  
determ i nat ion o f  b ismuth ( I I I ) i n  aq ueous acidic so lu t ion  emp loy ing  
po lyu re thane foam loaded and p last ic ized w i th  H 2 Dz and F2H 2 D z  
was successfu l l y  carr ied out .  
i i )  I n  t he  f low (col u m n )  techn ique ,  t h e  detect ion  and sem iquant i tat ive 
dete rm i nat i o n  o f  b i smu th ( l I l ) i ons  were success fu l l y  ach ieved at 
t h e  ng  cm -3 (ppb )  co n ce n t rat i o n  l eve l  us i  ng  i m mob i l i zed and  
p last ic ized po lyurethane foam wit h the  reagents H2Dz  and  F2H2Dz .  
The l e ng th  o f  t he  co l o u red zo ne was taken  as  a sem iquan t i tat i ve  
measure of  metal i on  conce ntrat ions .  
i i i )  Based o n  t h e  res i l i en t  propert ies  o f  t h e  open-ce l l  po lyurethane foam 
i t  was possi b le  to detect as low as 5 ppb of  b ismut h ( l l I )  in aqu eous 
acid i c  so l u t i on  by p l ast ic ized F2 H 2 Dz -TBP foams in  pu l sat i n g  
col u m n  t echn ique  afte r 2 5  successive p u lses .  Sem iquant i tat i ve  
det e rm i n at i o n  o f  b i smu th ( I l I ) was a lso poss ib le  by t h i s  m ode of  
ext ract ion  at  constant n u mbe r of pu lses .  
i v )  The se l ect i v i t y  o f  the p ro po sed F2 H 2 D z - l oaded foam on t he 
detect i o n  o f  1 � g o f  b i s m u t h (l l I )  in t h e  p res e n ce o f  var ious  
i n t e rfe r i n g  ions  by  batch mode o f  e x t ract i o n  was c r i t i ca l l y  
i nvest igated.  
[v] 
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Othe r  ext ract ions as i n  Fig .  2 .4  and 1 h r .  ex t ract ion t ime .  
E x t ra ct i o n  i s o t h e r m o f  P a ra t h i o n ( 1 ) , C y p e r m e t h r i n ( 2 ) ,  
Ch lo ropyr i fos(3)  and Malath i on (  4 )  at concent rat i o n  1 0- 1 00 1l9/cm3 
by u n loaded foams (0 .3  ± 0 . 004 g )  f rom 1 00 cm3 aqueous sam ple at 
pH 4-7 and 20 ± 0 . 1  °C and 1 h r. ex t ract ion t ime .  
Effect of cat ion s ize and concent rat ion  ( �0 . 1 M)  of  various  u n ivalent  
ions (L i+, Na+, K+ and N H� ) o n  t he  sorpt ion  p rof i l es of Malath ion  by 
un loaded foams. Sa l t  concent rat ions are 0 . 0 1 M ( 1 ) , 0 .05  M (2)  and 
0 . 1 M (3) .  Oth e r  condi t ions as i n  F ig .  2 . 4  and 1 h r. shaki ng  t ime .  
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Fig .  2 .8 .  
F ig .  2 .9 .  
Effect of cat ion s ize and co ncentrat ion  (s 0 . 1  M )  of  various u nival ent  
ions (L i+ , N a+ , K+ and N H� ) on  the  sorpt ion profi les of  Parat h ion by 
the u n loaded foams.  Salt  concentrat ions are 0 . 0 1  M ( 1 ) , 0 . 05 M (2) 
and 0 . 1 M (3 ) .  Other condi t ions as in F ig .  2 . 4  and 1 h r. shak ing t ime .  
E ffect of  cat ion s i ze and concentrat ion  (s 0 . 1 M)  of  various u n ivalent  
i o n s  ( L i + , N a+ , K + and  N H� ) on t h e  s o rpt io n  p rof i l e s  o f  
Cypermeth rin by t he  un l oaded foams. Sa l t  conce ntrat ions are 0 . 0 1  
M ( 1 ) , 0 .05 M ( 2 )  and 0 . 1 M (3 ) .  Other  condi t ions  as i n  F i g .  2 . 4  and 
1 h r. shaki ng t i me .  
F ig .  2 . 1 0 . Effect of cat ion s ize and concentrat ion  (s 0 . 1 M )  of  various u n ival ent  
ions ( Li+ , Na+ , K+ and N H� ) on  the  sorpt ion p rofi les of  Ch lo ropyrifos 
by t he  u n loaded foams.  Salt conce ntrat ions are 0 . 0 1  M ( 1 ) , 0 .05  M 
(2 )  and 0 . 1 M (3 ) .  Other  cond i t ions as i n  F ig .  2 . 4  and 1 h r. s haki ng 
ti me .  
F ig .  2 . 11 . Effect of  extract ion  media on  t he  sorpt ion  prof i l e  of Malath ion  by t he 
u n l oaded foam at 1 h r. s haki n g  t ime ,  0%( 1 ) , 5%(2)  and 1 5%(3)  o f  
ethanol .  Ot her  condi t ions as  i n  F ig .  2 .4 .  
F ig .  2 . 1 2 .  Effect of  ex t ract ion  media on  t h e  sorpt ion  profi l e  o f  Cypermeth ri n  by 
t he  u n l oaded foam at 1 h r. shaki n g  t ime ,  0%( 1 ) , 5%(2)  and 1 5%(3) 
of ethano l .  Ot her  co ndi t ions as in F ig .  2 . 4 .  
F ig .  2 .1 3 .  Break t h rough  capacity cu rves o f  t he  sorpt i on  profi l es  o f  Parath ion  
by u n loaded foam at f l ow rates of 1 0  cm3 m in - 1 ( 1) and 20 cm3 
m i n- 1 (2)  by the  u n loaded foam colu m n .  
F ig .  3 . 1 .  Foam col u m n  i n  packi ng step. 
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Fig . 3 .2 .  
F ig .  3 .3 .  
F ig .  3 .4 .  
F ig .  3 . 5 . 
F ig .  3 .6 .  
Structu re of  the tested che lat ing  agents .  
I n f rared spect ru m o f  1 , 5-d i - ( 2 - f l u o ro ph e n y l ) - 3 - m e rcaptofo rmazan  
(F2H2Dz) i n  potassi u m  bromide desk.  
I n f rared spect ru m  o f  1 , 5-d ipheny l -3 -m ercaptofo rma zan  ( H 2 D z) i n  
potassi u m  bro mide desk. 
E lectro n ic  spectra of  F2 H 2 D z, ( 1 ) , H 2 D z, (2 ) ,  B i ( F2H D z) J, (3) and 
Bi ( H D z)3 , (4) in d ich loromethane .  
Re lat i onsh ip  betwee n  t he  leng th  of  t he  colou red zo ne (cm) on  the 
foam col u m n  and the co ncent rat i on  o f  b is m u t h ( I l I )  i n  ng  cm- 3  
employ ing t h e  chromoge n ic  reage nts F2 H 2 D z  ( 1 ) and H 2 D z  (2) .  
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C H A PTER 1 
GE N E R A L  I N TR ODUCTI O N  
1 .  INTRODUCTION 
1 . 1 .  H i s t o r ical Overv i e w :  
From the  h istorical point  of  v iew, natu ral sponge i s  co nsidered to  
be t he  o ldest appl icat ion  of  a so l i d  materia l  o f  quas i -spherical me mbrane  
( foam) geometry i n  separat ion chemist ry (B raun ,  e t  al. , 1 985) .  More than  
fou r  cen tu ries  ago ( B ru nschwig ,  1 5 1 2 ) ,  a sponge mate ria l  l oaded wi th  
o l ive o i l  was u sed for  t he  pu ri f icat io n  o f  e thano l  i n  a d is t i l lat ion  system 
( B raun  and  Farag , 1 978) .  The  sponge mater ia l  can  be co ns idered as  a 
sol id support ,  o l ive o i l  as a loaded stat ionary phase,  and ethano l  vapou rs 
as a mob i l e  phase . I n  1 96 4 ,  Lal  et al. , descri bed a me thod fo r t h e  
p reconce n t rat i on  o f  t race e l e ments  f rom s e a  wate r e mp loy i n g  natu ral 
sponge  s u pport i n g  i ro n ( l I l )  h ydrox ide p reci p i tate . The  same au thors 
were able to  co l l ect s i l i co n ,  be ry l l i um, go ld  and t i tan i u m  by towi n g  t h e  
t reated foam t h rough sea water. 
I n  1 970 ,  Bowen i n i t iated t h e  appl icat i on  of u n l oaded po lyu re thane 
foams fo r the  sorpt i o n  and recove ry o f  some se lected o rg an ic and 
i n o rgan ic  co m po n ents e . g .  pheno ls ,  iod i n e ,  an t imony ( I I I ) & (V ) ,  t i n ( I I )  
and ( I V )  and bro m i n e  etc .  f ro m  aqueous so l u t i ons  conta i n i ng t h ese  
species .  Based on  t h e  p ioneeri ng work o f  Bowe n ,  G esser et al. , 1 97 1  
i n i t iated t he  appl icat ion  of  u nt reated po lyu rethane foams for  t h e  so rpt ion  
o f  t race o rg a n ic  contami nants  e .g .  ph tha late  este rs ,  o rgan ic dyes and  
pest icides from water. I n  1 972a, B raun and  Farag started the  appl icat ion 
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of polyu re thane foams for t he  separat i on p u rp oses, but i n  a complete ly  
d i fferen t  way by tak ing the  advantage of the spherical me mbrane shaped 
g e om etry of polyu re thane foams.  The same au thors we re ab le  t o  use 
p ol y u ret hane foam in  col u m n  mode tor t he  che m ical separat i on as a 
subst i tu te sol id  mate rial for the t radi t ional g ranu lar  su pport i n  e xt ract ion 
ch rom at og raph ic  syst e m .  These p ioneer ing  stud ies resu l t ed i n  several  
ve rsat i l e  app l icat ions of u n l oaded and l oaded foamed pol y u re than es 
(polyet h e r  and pol yester  type)  i n  separat i on chemist ry .  ( B ra u n ,  et a/. , 
1 985;  Moody and Th omas, 1 982 and Al tassi and Wai ,  1992 ) .  
The most d ist inct ive featu re of polyu rethane foams as  sol id s orbe nts 
is t he i r  mem brane st ructu re wh ich d i ffe rent iates t hem from a l l  othe r  types 
and/or sol i d  s orbe nts in separat i on chem ist ry where al l  a re com pact 
( g ranu lar )  or porou s  bu l ky sol ids.  I n  addit i on to t h e  above -me nt ioned 
aspects p ol y u re thane foa m  m e m branes a lso present a n ot h e r  specia l  
characte rist ics. e . g .  t he g ood hydrodynamic and ae rodynamic propert ies 
( B raun  et a/., 1 985) . In  the maj ori ty  of chemical separat i ons us i ng  sol id  
mem branes as  stat ionary phase ,  t h e  separat ion of i ons and/or m ol ecu les 
i s  acc ompl i shed t h rou g h  t h e  m e m brane l i ke s t ruct u re ,  i . e .  t h e  s ol id  
m e m bran e  i s  n ot s orben t  but  a d i f fe re nt ia l l y  separat i n g  ag e n t  ( or a 
t ransport m edi u m )  brough t  for t he  separat ion i n  betwee n  two s im i l ar or 
d i ffe re nt p hases.  On  t h e  contrary, w i th  pol y u re thane foams ,  t h e  foam 
m e m bra n e s  act  as sorbe n ts ,  i . e . , t h e  i on s  and/or m ol ecu les  t o  be 
separated or p reconcen t rated are retai ned ,  i . e .  s orbed on/or in  t h e  
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me mbranes l i ke st ructu re o f  t he  foams.  The ot her  u n ique  advantage of  
us ing so l id  foam membranes over bu lky  (po rous)  so l ids as sorbents is 
t h e  d i f f us i on  rates of c h e m i ca l  spec ies  in m e m b ra n e s  w h i ch are 
cons iderab ly larger than those in bu lky so l ids ( Palagyi  and B rau n ,  1 994) .  
1 . 2 .  Fun d a m e n tal K n owledge o f  F oamed P o lyu re t h a n es: 
Severa l  che m ical and physical pheno mena co ntri bu te  la rge l y  to 
the p ropert i es of  the polyu re thane foam ( B rau n ,  et al., 1 985) .  F lex ib le  
and r ig id po lyu rethane foams o f  open and c losed ce l l  st ructu res wi th  a 
w ide ra nge o f  propert ies  have been  p repared and characte rized by  
B raun  and  Farag , 1 978. 
1 . 2 . 1 .  Foam Def i n i t i o n :  
Po lyurethane foam can be def i ned as p last ic m aterial s  i n  wh ich 
a p roport i on  o f  so l id  phase is  replaced by  a gas i n  t he  form of  numerous 
smal l  bubb les (ce l l s )  (Thomas,  1 965) .  The g as may be  i n  a con t i nuous 
phase to g ive an  open cel l materia l  o r  i t  may be disco nt i n uous  t o  g ive  
nonco m m u nicati ng ce l l s .  
1 .2 . 2 .  Foam Geometry: 
Fig .  1 . 1  shows a t ypical po lyu re thane foam i n  w h ich the bu bbles 
occupy about  97% of the vo l u me .  The po l yhedral  struct u re i s  c learl y  
v i s i b l e ,  a n d  t h e  po l y h ed ral  o n  t h e  ave rage  a re q u as i - s p h e rica l  
pentagonal dodecahedra (B rau n ,  et al. , 1 985) .  The foams can  ideal l y  be 
v i ewed as more o r  less regu l ar co l lect ions o f  so l id spherical membranes.  
[31 
Spat ia l l y  symmetrical pack ing is  usua l ly  based on sphere packi ngs  i n  a 
p lan e .  There a re two sym metry types, cubic and hexagona l .  I n  a p lanar 
arrangement t he re is  on l y  one way of cl ose packi ng . I n  order  t o  obtai n 
t he  c l osest pack ing  i n  t h e  second layer ,  each sphere of t h is  layer cou ld  
be in terposed between any  t h ree spheres  of t h e  f i rst layer. I n  bot h  
packi n g  types t h e  f i rst t w o  layer  have t h e  s a m e  a rrangemen t  a n d  
packi ng patte rn i s  di f ferent onl y  i n  t h e  th i rd layer .  
Fig .  1 . 1 .  Typical polyurethane foam structu re 97% voids 
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1.2.3. Cell S t ructu re: 
The presence or abse nce of windows ( n u m be r  of wi ndows pe r 
ce l l )  i n  t he ce l l  structu re is a fu ncti on  of  the  met hod o f  foam preparat io n 
( Moody and Thomas, 1 982) .  The same author  i n  1 982 reported t hat both 
rig i d  and f l ex ib le  po l yu ret hane foams may obtai ned i n  c losed or open  
p o res  ce l l  s t ruct u re .  The  st ruct u re made up  o f  w i ndowl ess ce l l s  
(conta i n i ng on l y  st rands) is  named ret icu lated foa m .  C l osed ce l l  foam 
can be converted to ope n-ce l l  foam st ructu re by rupt u re o f  the windows 
mechan ica l l y  o r  by app ly i ng  p ress u re o r  che m ical l y  by  h yd ro l ys i s  o r  
ox idat ion ( Moody and Thomas, 1 982) .  
1.2.4. Method of Foams Preparation : 
The general  p ri nci p le  fo r prepari n g  ce l l u la r  p last ics i s  d ispers ion  
of  t he  gas phase in  a l iqu id  phase to obtai n l iqu id foam wh ich  wi l l  t hen  be 
so l id i f ied to  a so l id  ce l l u l a r  p last ic .  The main me thods for  u n i fo rm 
d ispe rsio n of  t he g as bubb les  a re chem ica l ,  p h ysica l ,  o r  mechan ical . 
The che mical methods i nc lude the rmal decom posi t ion and blowi ng  by in 
situ chemical react ion  ( H un ter  and Ke in fe ld ,  1 965) .  The form e r  met h od 
i nvo lves t he  i nco rpo rat ion  of  a chem ical b lowing agent  i nto t h e  p l astic 
po l y m e r  in t h e  l iqu id  state. The b lowi ng  agent  i s  usua l l y  an o rgan ic 
m at e r ia l  w h i c h  deco mposes  u n d e r  t h e  act i o n  o f  h e at  t o  y i e l d  
semicarbazide ( H u nte r  a n d  Ke i n fe ld ,  1 965 ) .  T h i s  mat e rial deco m poses 
(5) 
at 235 °C to  g ive  n i t ro g e n  and carbon d iox ide wh ich  are use fu l  fo r  
expand ing  p last ic such  as  h i gh  densi ty po lyethy lene  and rig id  po lyv iny l  
ch lo ride . B lowing by in situ che mical react ion  i nvo lves t he  format ion  of  
gas by a react ion  betwee n  two speci es,  one of t hem can o r  can not  be a 
part of the  polymer, o r  both f ro m  the  pol ymer a lone .  
Po lyu re thane foams are the most w ide l y  used ce l l u l a r  p last ic i n  
separat ion chemistry ( Brau n and Farag ,  1 978a) . These foam mater ia ls 
a re p re pared in soft ,  f l ex ib le  o r  ri g id  foams and h ave been fabricated 
f rom a variety of pol yester and polyethe r  types (Gross , 1 969) .  The 
two i mportant  react ions  in the pre parat ion  o f  u re thane foams a re t hose 
b e t we e n  i s o c ya n at e  a n d  h yd r o x y  co m p o u n d s  ( p o l y e st e r  o r  
polyetherpo lyo ls)  and those between isocyanate and water.  The fo rm e r  
react ion  f o r  t h e  fo rmat ion  o f  a u re thane g ro u p  c a n  b e  cons idered a s  a 
cha in  p ro pagat i ng react ion i n  which : 
R - N = C = 0 + R - OH 
o 
II 
-�) R - [ N H  - C - 0] - R 
Urethane 
( 1  . 1  ) 
The seco nd react i on  i nvo lves  t he  i nteract ion  betwee n  isocyanate  
and wat e r  is  respo ns ib le  fo r  the  foam format i o n  by  the l i be rat i o n  of 
carbon d iox ide as an  i n  s i tu b lowi ng  agent as fo l l ows : 
o 
R - N = C = 0 + H20 ----t [R - N H  - g - OH] ----t ( 1 .2) 
carbamic acid 
[6J 
The f i rst step o f  t he  react ion  i nvo lves the  fo rmat i o n  o f  unstab le  
carbamic ac id  wh ich  decom poses to  form carbon d iox ide and am ine o  
The  p roduced p r imary ami n e  may  react w i t h  a n ot h e r  isocyanate  
molecu le to fo rm subst i tuted u rea as fo l lows :  
o 
R - NH2 + R - N = C = 0 R - N _It - N R 
� � 
( 1 03 ) 
substituted u rea 
On the  other  hand,  carbamic acid may react wi th another  isocyanate  
mo lecu le  t o  prod uce carbamic aci d a n h ydr ide w h ich  decomposes to  
subst i tuted u rea and  carbon d iox ide as  shown : 
o 0 
[R-NH-g -OHj + RO-N = C = 0 � [RONH!h -o-c NHROj � R-NH-CO NHR + C02 
Carbamic acid Carbamic acid anhydr ide 
( 1 .4 ) 
Th e mai  n react i o n  wh ich  l eads to  b ranch i ng and cross - l i n k i n g  
p ol y u re t hane  f oams are t h e  i s ocyanat e- u re thane  react i o n  p rod uci ng  
a l l ophanate  l i nkages and  t he  i socyanate - u rea react ion  wh ic h  p roduce 
bi u ret : 
[7] 
o 
" 
R - N = C = 0 + R - N H  - C - OR '-t R - N H  - C-N-C - 0 ---- R ' 
o 
II 
R-N = C = 0 + R -- N H-C-- N H R  -t R -
A l l ophan at e  
[ N  - �O - N H  - - -- ] R 
CO 
I 
N H  
I 
R 
B i u re t  
( 1 . 5 )  
( 1  . 6 )  
The  m ost w ide ly  u sed i socyanate is  to l uene  d i i socyanat e .  The  
t o l u e n e  d i isocyanates u s u al l y  e m p l o yed  a re  t he 80/20 and  65/35 
m i x tu res o f  t h e  4 and 6 isom ers .  Te rt iary am ines and o rgano meta l l ic 
co mpounds e . g .  o rganot i n  co mpounds a re t h e  most co m mo n l y  catalysts 
t h at are e m p loyed to i ncrease t h e  react ion  rate and to estab l i sh  t h e  
proper ba lance between t he chai n ex tens ion  a n d  t h e  foam ing  react i on  
p roduct ( Dav id and  Stal ey ,  1 969) .  
G e n e ra l l y ,  ph ys ica l  and chem ical p ropert i es  of  Po lyuret hane  foams 
depend on the m et h od o f  p reparat i o n .  The  mechan ical prope rt i es  o f  
po lyu re t hane  foams are h i g h l y  dependen t  o n  t he  proport i on  o f  t h e  
a l lophanate  l i n kage which i ncreases wi th  react ion  t i m e  and temperatu re 
of  to l uene  di isocyante-based u rethanes ( B raun  and Farag , 1 978b) .  
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1.3. The Ana lyti ca l  Appl i cat i ons of  P o lyu ret hane Foam 
S o rbe n t s : 
Po lyu re thane  foam have been used fo r  t he separat i o n  and 
p reco ncentrat ion  o f  a w ide  vari ety  o f  i on ic and non - ion ic  spec ies f ro m  
l iqu id  o r  g a s  phase ( Moody a n d  Tho mas 1 982 a n d  B rau n ,  et. al. , 1 985) .  
The foam materia l  acts as sol id  so rbe nts in  so l id - l iqu id  and/or so l id-gas 
syst e m .  Foam m e m b ranes  h av e  b e e n  a l s o  l oaded w i t h  m a n y  
h yd ropho b ic so lvents a n d  che la t i ng  co mpounds ,  i . e .  i t  act a s  an  i ne rt 
support i n  reversed phase ex t ract i on  systems .  O n  t h e  o the r  h a nd ,  
m od i f ied po l y u re thane foam b y  chem ical anchori n g and/o r g raft i ng o f  
d i f ferent  che la t i ng  ag en t  fo rmi n g  fu nct iona l  g ro ups o f  t h e  backbone of  
po l yu ret hane foam have been extens ive ly  used i n  chem ical separat i on  
(Anjaneyu l u  et al. , 1 993) .  
1. 3.1. P r e c o n c e nt r at i o n  a nd Sepa rati o n  o f  O rga n i c  a n d  
In o rga n i c  Spec ies  w i t h  Untreated Polyu ret h a n e  F o a m s: 
The ana lyt ical u t i l i t y  of  po lyethe r  type po lyu re thane foams as a 
so l id  e xt ractant i n  t h e  sorpt ion  o f  a n u m be r  o f  species fro m aqueous 
med ia  was fi rst described by Bowen i n  1 970 .  S i nce t h e n ,  many  stud ies 
have been developed for  the  co l lect ion and separat ion of  various organic 
and i no rgan ic species ( Farag et al. , 1 994 ) .  Po lyuret hane foam has been 
sh own to be a ve ry versat i l e  materia l  fo r analyt ical  pu rposes act i ng as  a 
so l id  "so lvent  ext racto r" i n  some i nstances and more co mp lex  sorpt io n  
mechan i s ms f o r  t h e  ex t ract i on  o f  an ion i c  a n d  cat i on ic  spec ies were 
proposed by Palagyi and Braun ,  1 992 .  
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A th io -subst i tuted po lyu re thane foam (T- P U F) was deve loped fo r 
use as a se l ective sorbent  fo r i norgan ic mercury from comp lex  m at rices 
in i ndustr ial eff l uents (Palagyi and B rau n ,  1 992 ) .  The sorpt ion  capacity of  
T- P U F  packed col u m ns  was s u pe ri o r  to oth e r  so rbent  media a nd t h e  
e fficie nt ly o f  t h e  foam was h igh  at 1 0- 1 00 ppm levels o f  H g  f ro m  5- 1 0  dm3 
o f  e f fl uen t  vo l umes .  The foam mater ia l  d isp layed exce l l e nt ab i l i t y  to  
p re conce n t rate and recove r  m e rcu ry i o n s  even  at l ow l eve l s  f ro m  
i ndustria l  e ff l uents and bri ne  mud generated by t h e  ch lo roalka l i  i ndustry 
( Palagyi  and B raun ,  1 992 ) .  
F u rt h e rm o re ,  i t  was  reported by Pa lagy i  and B rau n ,  1 994  t h at 
hete ro po ly -mo lybdates of  phosphorus ,  s i l i con ,  a rsen ic  a nd german i u m ,  
both i n  t he  red uced a n d  non red uced forms a r e  effect ive l y  so rbed by 
po lyet he r  polyu rethane foa m .  The ext ract ion  o f  go ld ( ll I )  from aqueous 
n e u t ra l  and a lkal i n e  cya n ide  med ia  has  a lso been i nvest i g ated by 
po lyu re thane  foam.  The u n loaded po lyu ret hane  foams s howed good 
ab i l i t y  to  reta i n  go ld - t h i ou rea  co mp lex  f rom ac id ic aq ueous  so lu t i ons  
( B rau n and Farag ,  1 973b) .  Sch i l l e r  and Cook ,  1 97 1 , exam i ned t h e  
s e pa rat i o n  o f  g o l d ( !!!} c h l o ride f ro m n atu ral wat e rs w i t h  res i l i e n t 
pol y u re thane foa m  so rbe n t .  G esse r and h is  Co-workers ,  1 976 have 
shown t hat ope n-cel l  pol yu rethane foam o f  pol yet he r  type is an  e ff ici e nt 
stat i on ary ph ase i n  t he  ex t ract ion  and recovery o f  g al l i u m  f rom acid ic 
ch lo ride so lu t ions .  
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Rece nt ly ,  Ca rval ho ,  et. at. , 1 995 ,  reported t he ana lyt ical appl icat io n 
o f  po l yu re thane foam i n  t h e  d i rect dete rmi nat i on  o f  ga l l i u m  by X- ray 
f l uorescence.  Ga l l i um is determi ned at levels as low as 60 ng m l - 1 with a 
ca l i b rat i o n  sens i t i v i t y  o f  424 cps .  m l/ �lg wi t h i n  a l i n e a r  ra n g e  o f  
0 . 1 - 2 . 3  I-lg m l - 1. The p rocedu res we re successf u l l y  app l i ed  fo r t h e  
ana lys is  o f  ga l l i um  i n  a l u m i n i u m  a l loys ,  baux i te  a n d  i nd ust r ia l  residue  
samples (Carva lho ,  et. at. , 1 995) .  
The ext ract ion of  ant i mony ( l l I ) and (V)  f ro m  aqueous hydroch lo ric 
acid so lu t ion  by po lyethe r  po l yu re thane foam has been i nvest i gated by 
LO and C how 1 9 79.  The ex t ract i on  behaviou r o f  t i n ( J J) and ( I V )  f ro m  
acid ic  c h l o ride  m e d i a  w i t h  po lye the r  a n d  po lyes ter  foams h as b e e n  
exam i n ed ( LO and C how 1 98 1 ) .  The  so rpti o n  be hav i ou r o f  go ld ( J I J ) ,  
s i l v e r ( J )  and p l at i n u m ( 1 I )  f rom d i f fe re n t  ha l i de  m ed ia  b y  u n l o aded 
po lyurethane foam has been reported (Koch et. al. , 1 985) .  The co l l ect ion  
o f  tantal u m ( V ) ,  ant i mony ( V ) ,  and rhe n i um ( V I I )  f ro m  f l uo ride media has 
also bee n i nvest igated. (Caletke et. aI. , 1 985, 1 986) .  
The so rpt ive capaci ty o f  the po lye t h e r- based po l y u re thane  foam 
was dete r m i n e d  t o  be betwee n  0 . 8 5  and  0 . 9 2  m o l e s/kg fo r t h e  
p l a t i n u m ( I I )  c h l o ri d e  c o m p l e x  ( S c h ro e d e r  a n d  C h ow 1 9 9 2 ) .  I n  
h yd roch l o r ic and hydrobro m ic acid co nce n t rat i ons  u p  t o  3 . 0  M ,  t h e  
p lat i n u m ( I I ) b rom ide complex had h i ghe r  ex t ract ion  e ff ici e nc ies than t h e  
p lat i n u m ( l I )  ch lo ride compl ex .  The pe rcent o f  p lat i n u m ( l l )  ext racted 
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i nc reased when the  a lkal i  metal cat io ns are added i n  the  o rder  K+ < Na+ 
< Li+ for  po lyether  foam and decreased in the order  K +  > Na+ > L i+ for 
the  polyeste r foam.  
E x t ract i o n  o f  a l ky l a m m o n i u m  te t rap h e n y l bo rates and d i p ic ry la ­
m i n ates by po lyu re thane  foam have  been s tud ied  ( Fong  and C how 
1 9 9 2 a ) .  A l ky l am m o n i u m  i o n s  are e x t ractab l e by p o l ye t h e r- a n d  
po l yeste r - type p o l y u re t h a n e  f o a m s  f ro m  a q u e o u s  s o l u t i o n  i n  t h e  
p rese nce o f  bu l ky and h ydrophobic an ions  such as te t rapheny lborate 
and d i p ic ry l a m i n at e  ( F o n g  and C ho w  1 99 2 b ) .  T h e  e x t ractab i l i t y  
seque nces o f  N H; > t e rt ia ry buty la mmon i u m  > isopro py l -ammon i u m > 
e thy la m m o n i u m  > methy l -a m m o n i u m  for  t he  ext ract i on  wi t h po l yeth e r  
foam a n d  tertbuty lammon iu m al most -equal - to isopropyl -ammon ium wi th 
polyester  foam. 
Pal agy i  and B ra u n  1 992  repo rted the use of  u n l oaded po l yeth e r  
type po l yu ret hane foams a s  so l id  ex t ractants for  t race-e lem ents ) .  The  
membrane propert ies of  t he  foam sorbe nts offe r u n ique advantages ove r  
co nvent i onal b u l k  t ype g ranu la r  sorbe nts i n  rapid ve rsat i l e  a n d  e ffect ive 
se parat i ons  and p reco nce n t rat i ons  o f  d i ffe ren t  compounds from f l u i d  
samples .  
The so rpt i on  behav ior  and separat i on  o f  some meta l  t h i ocyanate 
co m plexes on  polyet her-based po lyu rethane foam have bee n stud ied by 
( Farag ef al. , 1 994 ) .  Attempts fo r  the  quant i tat ive rete nt ion and  recove ry 
o f  t h e  tested t h iocya nate  co mp lexes by t he  foam co lu m ns  were a lso 
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made and sat is facto ry res u lts we re obtai n ed .  The he igh t  equ iva lent  to  
theoret ical p lates ( H ETP)  of  t he foam co l u m ns was ca lcu l ated f rom the  
c h romatograms and break t h rough  capacity cu rves and i t  was found to 
be i n  the  range of  1 . 8 - 2 .3 mm at  f low rates up to 1 5  cm3/mi n .  
A n e w  method of  so rbent  suppo rt ed t ransport ex t ract i on  based o n  
t h e  use  o f  open -ce l l  po lyu ret hane foa m sorbents  i n  so lvent  s u blat i on  
separat ion  h as been  deve loped ( Palagyi  and  Braun  1 994 ) .  The  method 
h as shown to be e ffect ive fo r the  separat i on  and p reco nce n t ra t ion  of  
rad io iod i ne  andlo r  stab le iod ine from 4 l i t re o f  de ion ized ,  d r i nk i ng and 
s u rface wate r  us ing N-cety lpyr id i n i u m  ch lo r ide as a cat ion ic  su rfactant  
and n it rogen gas as the  bu bbl i ng mediu m .  
T h e  sorpt ion  of  ytt r iu m co mp lexes wi th 8 -hyd roxyqu i no l i ne a n d  i ts 
d i h al ide de r ivat ives and 8 -hyd roxyq u i n o l i n e  su l phate  by po l y u reth a n e  
f o a m  was cr i t ica l l y  s tud ied by l u m i n esce nce and  i . r . s pect rosco pic 
t ec h n i q u es ( B e l t y u ko v a ,  et al., 1 9 9 5 ) . T h e  s p e ct ro p h o to m e t r i c  
d et e r m i n at i o n  o f  coppe r and  s i l v e r  as d i t h i z o n at e  co m p l e xes  o n  
po lyurethane foam have been repo rted b y  K u n d u  a n d  R o y ,  1 992 .  B eer 's 
law was obeyed ove r t he  conce nt rat i on  range 0 .05 -2 .5  I1g C u lm l  at 550 
n m  and 0 .0 1 -6 .0  ).1g Ag/ml at  500 nm ( Kundu and Roy,  1 992) .  
Po lyu rethane foam demonst rated to be usefu l  i n  the  separat i on  and 
co nce n t rat i on  of  a wide variety of  i no rgan ic  speci es from d i fferent medi a 
( Fo n g  a n d  C h o w ,  1 9 9 2 c ) . T h e  e x t ract i b i l i t y  s e q u e n c e s  o f  
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K +  .::.. Rb+  > Cs+ > Na+  > L i +  for  t h e  ex t ract i o n  w i t h  po lyet h e r  foam 
suggested t he cat ion chelat ion mechan ism.  The same o rder  of  extract ion  
was obta i ned wi th  po lypropy lene ox ide polyet h e r  foam wh ich does not  
norma l l y  adopt a he l ica l  struct u re to  form oxygen r ich cav i t i es .  Th is  
i ndicates t hat t he  wate r - st ruct u re en fo rced i on -pai ri ng  (WSE I P ) is the  
d riv i ng fo rce for ex t ract ion of  the ion -pairs ( Fong & C how, 1 992d) .  
In  1 9 92  Stewart and C h o w  re p o rted t h e  a n a l yt ica l  u t i l i t y  of  
po ly u re t hane  foam for  the separat i o n  of  t e l l u ri u m  and se l e n i u m  by 
polyu ret h an e  foam so rbents .  Te l l u ri u m  is ext racted rapid ly  wi th > 99% 
so rbed in 2 min from hydroch l or ic acid / sod ium bromide wh i l e  se l e n i u m  
was e x t rac ted  s l ow l y .  A m e t h o d  fo r  se l e ct i v e  e x t ract i o n  o f  
m a n g a n e s e ( I J )  w i th  d i t h i zone  and potass i u m  t h i ocya nate h as been  
reported by C hakrabort i  and  Roy ,  1 993 .  The  method  i nvo lves fo rmat ion  
o f  a M n ( J  I ) - t h i o cyanate -d i t h i z o n e  co m p l e x  in  a h e x a m i n e  med i u m  
co n t a i n i n g  po tass i u m  t h i ocya n at e ,  d i t h i z o n e  a n d  h yd ro x y l a m i n e  
hyd roch lo ride at p H  - 6. 
1.3.2. C o l l e c t i o n  a n d  Sepa ra t i o n  o f  I n o rga n i c  Spec i e s  w i t h  
L o a d ed Po lyu re t h a n e  Foa ms.  
Pol yurethane foams supporti ng var ious o rgan ic  a nd/or i no rgan ic  
co mpou nds ,  e nzymes and ion  exchanges have been  p re pa red and 
successfu l l y  e m ployed for  t h e  retent ion  and separat ion  pu rposes ( B raun  
et  al. , 1 985) .  The analyt ical u t i l i t y  of  pol yu ret hane foams l oaded wi th t ri -
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n-buty l  phosphate  (TBP)  i n  batch and co l u m n  operat ion  m odes fo r  t he  
p reco nce n t rat io n  and  separat ion  of  a se ri es o f  bi nary m ix tu re o f  meta l  
ions have been re po rted by B raun  and Farag ,  1 972 and 1 975 .  S ince 
t hen  severa l  se parat ions and preconcent rat ions of  i n o rgan ic  species i n  
aqueous media have bee n exami ned b y  t h e  foams supported so lvent  
ex t ractants (Suki man  1 974,  B rau n and Farag 1 973a and B raun  et al. , 
1 973) .  A se ri es of  o rgan ic  so lve nts e . g .  TBP ,  methy l  isobuty l  ketone ,  
d ie t hy l  e t h e r, i sopropy l  e the r  and e thy l  acetate have been  u sed to  
impreg nate the  foam membranes ( B raun ,  e t  aI. , 1 985) .  
Rece nt ly ,  many h yd rophobic che lat i ng agents have bee n  p h ys ica l ly  
i m mob i l i zed by load ing  o n  po l yu re thane  foa ms .  The reag e nt foams 
p rodu ced we re successfu l l y  e m p loyed  in  seve ra l  sepa ra t i o n  a n d  
col lect i on  p rocesses .  These foa ms com bi ne both t h e  se lect iv i ty o f  t h e  
che la t i ng reagent  a n d  t h e  advantageous rap id i ty  o f  k i ne t ic  p rocesses 
betwee n  metal  i ons in aq ueous so lu t ion  and the reag en t  i m m obi l ized i n  
t h e  foam membranes i n  batch ,  col u m n  and pu lsated col u m n  modes ( E I ­
Shahawi , e t  al. , 1 995) .  Polyu re thane foams immobi l yz i ng d i th izone have 
been empl oyed for t h e  quant i tat ive co l lect ion  of  s i lver ( I ) ,  mercu ry ( I I )  and 
a lso methy l  mercu ry ( r I )  ch lo ride ( B raun  and Farag 1 974c and Farag e t  
al. , 1 987) .  
(15) 
The co l lect ion  o f  co bal t ( J J ) f rom aqueous so l u t i on  o n  plast ic ized 
1 - n i t rose-2 - naph tho l  foam have been rep o rted by Braun and Farag ,  
1 9 75b.  On t he  o ther  hand ,  benzoy lacetone- I oaded pol yu re thane  foam 
h as been used for t h e  ex t ract i on  and separat i o n  of cop p e r( l I )  and 
cadm i u m ( J J ) ( B rau n  & Farag , 1 9 75d ) .  P last ic ized and u np last ic ized 
d imethy lg lyox ime foams have bee n e mployed fo r the p reco nce n t rat i o n  
a n d  separat i o n  o f  n i cke l ( J J) ( Fa rag e t  al., 1 982a ) .  A lso ,  t r i bu ty l - n ­
phosp hate pl ast ic ized benz i ld i ox ime a n d  1 , 2 -cyclohe xanedi o n e  foams 
have been u t i l ized fo r  the  ext ract ion  and se parat ion  of  n icke l  ( Le e  and 
Ha lmann ,  1 980) .  Po lyu rethane foam loaded wi th 1 , 2- ethanedi th io l  have 
been u sed fo r t he  separat ion  and p reco ncentrat ion  o f  an t imony ( I I I )  from 
natu ral  wate r  (Valente and Bowe n ,  1 977) . 
Depend ing  o n  t he  res i l i en t  p roperi ty  of  t he  open  ce l l  po l yu re thane 
foams. B raun  et aI. , 1 985 have appl ied the  pu lsati ng  foam co l u m n  mode 
for  the detect ion  and se miquant itat ive dete rminat ion of  11 3 1 and H g203 . 
I n  t h i s  type o f  ana lys is the co lou r com parison was m ade depend ing  o n  
constant  n u m b e r  of  pu lses i n  a f ixed vo l u m e  of  so lu t io n .  T h i s  m et hod 
was a lso  app l i ed to detect i ro n ( J I I )  w i th  p last ic ized a m i n e  foam i n  
aqueous th iocyanate media ( Farag et al. , 1 982b) .  
A v e ry att ract ive and usefu l  appl icat i on  of  reage nt foams seems to  
be t h e  sensit ive detect ion and  se m iquant itat ive dete rm i n at ion of  di ffe re n t  
i n o rgan ic spec ies i n  aqueous med ia .  Qua l i tat ive a nd semiquant i tat ive  
determinat ion  o f  z i nc( I 1 ) , l ead ( I 1 ) ,  coppe r( I 1) ,  co balt ( I I ) , c h ro m i u m ( V I ) ,  
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n i c k e l ( I I ) , i ro n ( I I I) ,  cadmi u m ( I I ) , m e rc u r y ( I I ) , t i n ( I I ) ,  s i l v e r ( I ) ,  
mo l ybde n u m ( V I )  and b ismuth ( l l I )  have been carr ied ou t  us ing seve ral 
l oaded foams.  ( B rau n  and Farag 1 9 74a , b ;  Farag et a/. ,  1 98 1 , 1 982a ,b ,  
1 986,  1 987, 1 989b and  Farag and  E I -Shahawi ,  1 990 ;  Hamza e t  a/. , 1 985 
and 1 990 ;  and E I -Shahawi et a/. , 1 995) .  
Foams loaded with var ious extractants ,  o rgan ic io n-exchangers and 
i no rgan ic precipi tates have been proven as a successfu l  app l icat ions fo r  
d i f fere nt anal yt ical schemes ( B raun  et a/., 1 985) .  Loaded po l yu re thane 
foam was appl ied to co l l ect go ld( l I l )  f ro m  waste wate r co ntai n i ng  sod i um 
cyan ide ,  s i lv e r  and  some t races o f  go ld  per  kg  barre n ( Bowe n 1 970) .  
Di ffe ren t  types o f  po lyurethane foams were appl i ed to  co l lect and recover 
go ld  f ro m a m mo n i u m  hydro x ide so lu t ion  ( 10%) conta i n i ng potass i u m  
cyan ide ( Brau n  and Farag 1 973c) . Comparison betwee n  d i f feren t  types 
of  active carbon and polyu rethane type on  the re te nt io n rates of the go ld  
th iourea co mplex have been carried out  ( B raun  and Farag 1 973b) .  
Open ce l l  po lyure thane foam coated wi th long chai n te rt iary amines 
( Adoge n )  s h owed to  be an  e ffect ive ex t ractant f o r  u ra n i u m  in  acid ic  
so lu t ions (Gesser  and Ahamed,  1 990) .  The coated foam al lowed col u m n  
f low ext ract ion  t h rough f low rates b u t  capacity studies indicated t hat on ly  
a f ract i o n  l i n e  was ava i lab le  fo r t he  co m p l e x at i o n  o f  t h e  u ra n i u m .  
In te rfe rence o f  some co mmon metal cat ions i nd icated t h at o n l y  C o( l I )  
showed a s ign i f icant adve rse effect o n  the  u ran ium ext ract ion .  
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1.3. 3. Pre c o n ce n t rat i o n  a n d  Sepa rat i o n  o f  O rga n i c  Spec ies  
w ith Loaded a n d  U n l o aded P o lyuret h a n e  Foams:  
The co ncen t rat i on  o f  o rgan ic  po l l u tan ts i n  aqueous  med ia  was 
de te rm i ned by  c h romatog rap h i c  separat i o n  on p o l y u re t h a n e  foa m  
co l u m ns (Fa rag a n d  E I - Shahawi , 1 99 1 ) . T h e  resu l ts  o f  p re l i m i na ry 
sc re e n i n g tests  o n  t h e  re mova l  o f  i n sect ic ides  by  t h e  u n l oaded 
po l y u re t h a n e  foa m  i nd icated t h at a reaso nab le  pe rcen tage  o f  t h e  
i nsecticides was retai ned o n  the foam.  Therefo re attempts were made to 
ex t ract t hese co m pounds fro m  aqueous media us i ng  foam co l u m ns .  
Var ious  paramete rs a ffect i n g t h e  re ten t i on  and separat i on  o f  t hese  
c o m p o u nds  w e re st u d i e d ,  i nc l u d i n g  t e m p e rat u re ,  fl o w - ra te , p H ,  
i ns ect ic ide conce n t rat i o n ,  shak i ng  t i m e ,  samp le  vo l u m e  and  e l u t i n g  
so lve nt .  
The  sorpt i on  o f  fi fty- n i n e  organ ic dyes ,  i n d icato rs and sta i ns  by 
polyest e r  and po lye ther  foams was i nvest igated by t he u se of  aqueous 
s o l u t i o n s  a n d  powde red fo a m  m a t e r i a l s  ( C h o w  et  al. , 1 9 9 0 ) .  
Composi t ions were made with sorpt ion from 50% methano l  so lu t ions fo r 
some dyes and a lso wi th  so lvent  ex t ract i ons  done w i th  d iet hy l  e t he r  o r  
e thy l  acetate for several dyes .  T LC p lates i n  wate r  o r  a m i xed so lvent  
mobi le  phase were compared to the d ist ri but ion coeffic ie nts wi th foam.  
T h e  b e h av i o u r  o f  po l y u ret h a n e  foa m ,  A m b e r l i t e ® X A O - 2  and  
Amberl i te ® XAO-4  ind iv idua l ly  o r  i n  co mb inat ion  has been  stud ied ( N eri n 
et al., 1 993 ) .  Standard at mosphe res conta i n i ng  d i fferen t  co ncen t ratio n  
l eve ls  o f  hexac h l o ro -cyc lohexane  and c h l o robenzene  iso m e rs we re 
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generated and t rapped i n  abso rbe nt cartr idges.  The most eff icient  system 
for t rapp i ng  the test gases is  t h e  use o f  two cartridg es co n nected i n  
s e ri es ,  o n e  co ntai n i n g  po lyu re thane foam and t h e  seco nd conta i n i n g  
Tenaz G C .  
T h e  appl icat i on  o f  un t reated a n d  po lyu re thane foa ms treated wi th  
TBP i n  the p reco ncen t rat ion  of  some pheno ls  fro m wat e r  v ia  stat ic and 
f low expe ri m e nts was carr ied ou t  ( E I - S h ah awi et  al. , 1 994) . Batch 
expe ri m e nts wi th  the TBP -Ioaded foams showed a good a ff i n i ty  toward 
ext ract ion  of  the  tested co mpou nds as co mpared to t he  u nt reated foams. 
The use o f  the u n l oaded and TBP -I oaded foams was a lso empl oyed i n  
co l u m n modes f o r  t h e  p reco nce n t rat i o n  o f  t h e  p h e no l s  used .  T h e  
ex t ract ion  eff iciency a n d  the  recove ry o f  t h e  compou nds fro m the  foam 
mater ia l  by the col umn  was obta ined u p  to 1 00%. 
The ana lyt ical u t i l i t y  o f  un l oaded and po lyest e r -based pol yu re thane 
foams wi th  t ri - n-octy la m ine  (TOA) i n  t he  re moval o f  some pheno ls  fro m 
wat e r  was carr ied ou t  ( E I - Shahawi , 1 994 ) .  I n  stat ic m ode t h e  TOA­
l o aded  foams s h owed a good a ff i n i t y  o f  e x t ract i o n  toward s  t h e  
i nvest igated co mpounds as compared to the  u nt reated foams.  The TOA­
l oaded foams we re empl oyed in co l u m n  modes fo r t h e  e xt ract ion  and 
recove ry of  t h e  tested pheno ls .  The retent ion e ffici e ncy and t he  recove ry 
of t he  tested compou nds f ro m  the  loaded foam col u m n  were u p  to 98 .5%. 
S o rp t i on  o f  t h e  compou nds by t h e  foam we re b ro u g ht by  so l ven t  
e x t ract i o n  mech an i sm .  Sev e ra l  i nvest i g at i ons  h av e  been  pub l i s hed 
[ 1 9] 
descri b i n g  t h e  app l icat i on  of  foam as a co l l ecto r  fo r separat i n g  and 
co nce nt rati ng var ious pesticides ,  acaric ides ,  pheno ls ,  and ot he r  o rgan ic  
su bstances ( E I - S hahawi and AI - D haheri , 1 995 ) .  
1 . 3.4. Perf o r ma n ce of Po lyu retha n e  F o a m  t o  B i od egra d a bl e  
and B i o rete n t i ve i n  B i ologi cal Waste : 
The  ana l yt ica l  u t i l i t y  o f  po l yu re thane  foa m  i n  t h e  ret e n t i o n  o f  
bacte r i a l  g rowth  in t h re e  t ypes  o f  s y n t h e t i c  m e d i a  fo r  p rocess 
in tens i f icat ion o f  anaerobic d igest ion of  swi ne waste was repo rted by H i l l ,  
1 992 .  The  foam m at e ria l  was e ffect ive i n  reta i n i ng biocu l t u res .  The  
ny lon  mesh  p roved d u rab le  bu t  i t s  b io re ten t i ve  p rope rt i es  we re t h e  
poorest among t h e  mater ia ls  tested.  Pol ypropy lene  fe l t  was t h e  most 
s u pe r i o r  m e d i a  mat e r i a l ,  s h o w i n g  g o o d  p h y s i ca l  d u ra b i l i t y  a n d  
b ioretent ive characte is it ics . 
A rotat i ng b io log ical co ntactor  ( R BC)  coup led to  polyu re thane foam 
( P U F) as a porous b iomass s u pport was eva l u ated for  t h e  b io log ical 
t re at m e n t  o f  so i l  re f i n e ry ef f l u e nts ,  C O D ,  ammon ia - n i t rog e n ,  p h e n o l ,  
h yd rocarbon a n d  s uspended so l ids b iodeg radat i on  (Tyag i e t  al., 1 992) .  
The RBC- P U F  b io reactor  gave a better  pe rfo rmance than  a co nve nt ional  
RBC fo r  the  biodeg radat ion  of  t hese para meters .  A h ighe r  concentrat ion  
of  act ive b iomass was obse rved i n  the  R BC-P U F  system than wi th  oth e r  
t reat men t  systems ,  and COD rem oval  e f f ic i e nc ies o f  u p  to 87% we re 
ach i eved . 
[20] 
A I M  O F  TH E WO R K  
1 . 4 .  A I M  O F  T H E  WO R K  
The g reat pote nt ia l i t i es o f  open-ce l l  type resi l en t  ce l l u la r  p last ics 
po lyu re thane foam mem branes l i e  i n  t h e i r  low dens i ty ,  g reat avai l ab le  
s u rface a rea ,  low cost and l arge sca le avai l aoi l i t y  a l l  over  t h e  wor ld fo r 
many  i ndust r ia l  app l icat io n .  The po lyu re thane foam can be used as 
sorbents d i rect ly  o r  wit h m inor  pret reatment .  
The co mpound classes respons ib le  fo r po l l u t ion  o f  po tab le  wat e r  
reso u rc e s  i n c l u d e  p o l y a ro m at i c  h y d ro c a rb o n s ,  p o l yc h l o r i n a t e d  
b iphe n yls ,  detergents ,  pheno ls  a n d  pest ic ides .  T h e  pest ic ides a re tox ic 
age nts and are wide ly  and reg u lar ly  app l i ed ove r large areas accessi b le  
to  t he  publ ic .  These com pounds are  de l iberate l y  d i rected aga inst l iv i ng  
o rgan isms and app l icat ion  occu rs al most wi thout  co ntro l  (Afg han et  al. ,  
1 984) .  Thus ,  t he  object ive of  th is  study was focused main l y  on  extendi ng 
t h e  poss i b i l i t y  o f  u s i n g  u n l o aded p o ro u s  p o l y et h e r  t y pe based 
pol yu re thane foams for  the  preco ncentrat ion ,  separat ion  and recove ry o f  
s o m e  w e l l  k n o w n  i n s e ct i c i d e s  e . g .  C h l o ro py r i fo s ,  P a ra t h i o n ,  
Cype rmet h ri n  and Malat h i o n  which a re common ly  i n  use b y  t he  farmers 
i n  t he  U n i ted Arab E mi rates. The study was also carried out  to dete rmi ne 
weathe r  the  ext ract ion  of  t hese species takes p lace by so lvent  ext ract i on ,  
cat ion  and  an ion  exchange or  by  othe r  mechan isms.  
O n  t h e  o t h e r  hand ,  in  v iew o f  the s i g n i f icant  p rod uct i o n  and 
w idespre ad of  b i s m u t h  and i ts  compo u nds ,  some m u st e n t e r  t h e  
env i ronmen t ,  ( rai n a n d  river  wate r  and soi l so lu t ions )  and food cha in  at 
[2 1 J 
l ow ( not  detectab l e )  concen t rat io ns .  Thus  s i gn i f icant accu m u lat ion of 
b ismuth may occur  in mar ine an i mal and land and to a lesser exten t  i n  
land an imal s  i nc lud ing  man .  The accumu lat ion o f  b ismuth  may cause 
sev e re tox ic e ffects in k id n e y ,  l ive r ,  sk i n and ep i t he l i a l s u rfaces i n  
i nt i mate contact wi th body f lu ids. Thus,  attempts i nvolvi ng  t he  appl icat ion  
o f  po lyu re thane foam e i ther  loaded o r  un l oaded wi th some se lect ive and 
s e n s i t i v e  c h ro m o g e n i c re a g e n t s  e . g .  d i t h i z o n e  a nd 1 , 5 - d i - ( 2 -
f l uo ropheny l ) -3- mercaptofo rmazan have been used fo r t h e  detect ion  and 
sem iquan t i - tat ive det e rm i n at ion  o f  b ismut h ( l l l ) ions in  aqueous media 
us ing  stat ic  (batch ) ,  dynamic (co l u m n )  and pu lsated sq ueez i ng col u m n  
tech n iques .  The e ffect o f  d i f ferent  i n te rfe ri ng  e lements whether  t hey a re 
i n t roduced as o rgan ic o r  i norganic ions are i nvest igated d u ri ng  th is  work. 
Th is  wo rk is  o f  g reat i mportance in ove rco m i ng m a n y  po l l u t i on  
hazards by  b ri ng i ng  t he m to an acceptab le conce n t rat ion  and  e nab le us  
to achieve s imp le  detect io n ,  and rapid  semiquant i tat ive determi nat ions o f  
some speci f ied pol l utants .  The mem brane prope rt ies o f  t h e  pol yu rethane 
foam g ive u n ique  advantages ov e r  co nven t i o na l  sorbe n ts in  rap id ,  
versat i l e  and e ffective separat ion  of  the tested co mpou nds. 
[22] 
C H A. PTE � 2 
P R E CO N C E N TR ATI O N  A N D S E PA R ATIO N O F  
SO M E  WATE R SOLUB L E  P V R ETH R OID A N D  
O R GA N O P H O S P H O R O U S  I N S E C TICID E S  O N  
P O LY ET H E R- B AS E D  P O L Y U R ETH A �·; E F O A M S  
2 . 1 . I N T R O D U C T I O N  
The i nsect ic ides ca n en te r  water  f ro m  var ious sou rces.  Edward , 
1 9 73a, b has reported sou rces o f  i n sect ic ides to i nc lude run -o f f  f rom 
ag ricu l tu ra l  land ,  di rect en t ry f rom crop sprayi ng ,  i ndust ria l  and sewage 
e ff l u e n t ,  catt l e  s p ray i n g ,  dust and ra i n fa l l .  The p resence o f  t hese 
com pounds in  the  aquatic e nv i ron ment has been known to cause seve re 
healt h prob lems to an imals ,  b i rds and hu mans (C han et al. , 1 982 ) .  The 
dynamic movement  of  the  pest icides i n  the  aquat ic env i ronment is  g iven 
i n  F ig .  2 . 1 .  
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Fig . 2. 1 :  T h e  dynam ic  mov e m e nt o f  t h e  pest ic ides i n  t h e  aquat ic  
env i ro n ment .  
[24] 
The co mp lete  re moval o r  reduct ion o f  t he  o rgan ic  pol l u tants e . g .  
pest ic ides to an acceptable conce nt ration  has become a major  concern .  
The most com mo n  reported ext ract ion procedu res a re steam dist i l lat i on ,  
l iqu id- l iqu id  ex t ract i on ,  ox idat ion  react ions ,  reve rsed phase l iqu id - l iqu id  
p a rt i t i on  f i l te r  c h romatog raphy  and adso rpt i on  on act ive carbon ( E I ­
Shahawi , e t  al. , 1 994) .  Most o f  th ese methods are l i m i ted a n d  are too 
expensive for  rout i ne  anal ys is where many  l a rg e  vo lume samp les  are 
co ncen t rated o n  s i te  pri o r  to  quant i tat ive ana lys is  ( E I - N aba rawy a nd 
Bo lous ,  1 987) .  
T h e  use o f  carbon adso rpt i o n  fo r t h e  p reco n c e n t rat i o n  and  
quant i tat ive determ i nat i on  of  organ ic  matt e r  i n  wate r  h as bee n  w ide ly  
adopted and has bee n  used to set  l i m i ts  i n  t he  ppb ra nge  fo r  many 
substances such as pest icides ( Brau n  et al. , 1 985) . However ,  t he  carbon 
su rface may act as a catalyst for some chemical changes of  t he  adsorbed 
speci es.  Thus ,  the ide nt i f icat ion of the o rganic substance becomes more 
d i f f icu l t  i n  so l ut i on  ( U . S . A .  d ri nk i ng  wat e r  l i m i ted 1 96 2  and C anad ian 
d rink ing  water  l i mited, 1 969) .  
Spec ia l  syn t het ic  res i ns  and C 1 8 C o ras i l  have bee n u s ed for  
concentrat i ng  ext remely low leve ls  of  pol ynuc lear  aromatic hydrocarbons 
pri o r  to t he i r  quant i tat ive ana lys is (Navrat i l  et a l . ,  1 977 and Oylet ,  et al. , 
1 978 ) .  Var ious  meth ods o f  adsorpt i on  and ox idat i on  react i ons  have 
(25) 
been reviewed fo r  t he  re mova l ,  separat ion  and ident i f icat i on  of  pheno l  
and pheno l - l i ke  compou nds i n  the  waste water  (B rau n  e t  al. , 1 985) .  
The use o f  po lyu rethane foams i n  se parat ion and p reco ncen t rat ion  
p rocesses dates back to Bowe n's  c lassical  paper  ( Pa lagyi and B rau n ,  
1 992 ) .  These o rgan ic  co mpounds are p resent  i n  wat e r  a s  pa rts  pe r 
b i l l i o n  and  p a rts  pe r t r i l l i o n .  T h e re fo re , e f f i c i e n t  co l l e ct i o n  and  
p reco nce n t rat i o n  methods a re  i n ev i tab l y requ i red t o  p rov ide e no u g h  
m at e r ia l  f o r  a r e l i ab l e  a n a l y t ica l  det e r m i n a t i o n  ( E I - S h a h awi a nd 
A ldhaher i ,  1 995) . Th is l ed to t he  revea l i ng  o f  t h e  pote nt ial i t ies o f  the  
spec ia l  g e o m e t r ica l  f o r m : q u as i  m e m b ra n e - s h aped  g e o m e t ry o f  
po lyurethane foam as a su bst i tute for  the  t rad i t iona l  g ranu lar  supports i n  
ex t ract ion  ch romatog raphy .  
Gesser  et al. , 1 9 7 1  i n i t iated t he  app l icat i on  o f  u n l oaded foam as 
cu l t u re tube  stoppers for t h e  ex t ract ion  and recovery of some o rgan ic  
po l l u tants  f rom wate r a t  vari o u s  co ncen t rat i o n .  S i nce t h e n  seve ral 
i nvest igat ions have been re port ed t he  appl icat ion  of  po l yu re thane foa m 
p l u g s  fo r t h e  quan t i tat ive ex t ract i on  and recovery o f  po lych l o ri n ated 
b ipheny l s ,  d i e l d ri n  and so me D OTs f ro m  i n d us t r ia l  and a g ricu l t u ra l  
wat e rs have been re ported by B raun  and Farag ,  1 978b.  The rete nt ion 
and recovery of  some pht halate esters f ro m  wate r  and a i r  in  h igh vol u me 
samples by u n l oaded polyu ret hane foam have bee n  carr ied out  ( Lewis ,  
et a/. , 1 979) .  
[26] 
I n  rece nt years, considerable work h as been done on  the  ex t ract ion 
o f  some o rg a n i c  po l l u ta n ts  by u n l oaded po l y u re t h a n e  foam f ro m  
aq ueous ,  non -aq ueous  and g aseous med ia  ( Farag and E I - S hahawi ,  
1 99 1  and Fong and C how,  1 992c,d ) .  The resul ts on  t he  re moval o f  some 
wate r  so lub le i nsect ic ides by t he u n loaded polyu re thane foam i nd icated 
t hat a reasonable perce ntage of  t he  i nsect ic ides was reta ined on t h e  
f o a m  ( Fa rag a n d  E I - S h a h aw i ,  1 9 9 1 ) .  The  m e t hod c a n  be u s e d  to  
p reco nce nt rate i nsect ic ides i n  tap wat e r  and mod i f i ed t o  dete rm ine  
dissolved i nsecticides i n  i ndust ria l  and natu ral  wate rs .  
The use of  t he  u n loaded, t r i - n-octylam i ne a nd t r i -n -bu ty lphosphate 
( T B P )  l oaded  foams  was e m p l oyed  in c o l u m n  m o d e s  fo r t h e  
p reco nce n t rat i on  o f  some pheno ls  and some wate r  so l ub le  acar ic ides 
( E I - S hahawi et al. , 1 994 and 1 995) .  The ex t ract ion  ef f ici e ncy and the  
recove ry percentage o f  t h e  pheno l i c  co mpou nds by t h e  foam col u m n  
we re obtai ned u p  t o  1 00%. The sorpt ion  o f  t h e  co mpou nds b y  t h e  foa m  
w a s  bro u g h t  by a so lvent  ex t ract i on  mechan is m .  The p Ka and t he 
molecu lar  wei gh t  of  the  absorbates play an i m po rtant  ro le  i n  t h e  sorpt ion 
process . 
The g oal of  t he  work presented i n  t h i s  chapter  is to i nvest igate t he  
ana lyt ical u t i l i ty  o f  open-ce l l  po lyethe r  type based po lyu re thane foam fo r 
t h e  q u an t i t at i ve  co l l ect i o n  and  re mova l  o f  so m e  p y ret h ro i d  and  
o rg a n o p hosph o ro u s  i n sect ic ides f ro m  h i gh  vo l u m e  wat e r  samp les .  
These  compou nds were chosen  because t hey  a re q u i t e  h yd ro p h obic 
[27] 
and are l i ke ly  to be ext racted by the  foam .  The objective of  the  study was 
a lso ai med to determ ine  whethe r  the  ex t ract ion  takes p lace by so lvent  
ex t ract i on ,  catio n  che lat i o n  and an ion exchange mechan ism or  by any 
other  mechanisms.  
[28J 
2 . 2 .  E X P E R I M E NTA L 
2 . 2 . 1 . R e age nts and  Mater ials : 
Al l  chemicals used were of  ana lyt i cal reagents g rade . Ope!" pores 
polyethe r  type based polyu rethane foam,  was suppl ied by K .G . Schaum 
(Stoffwerk, K remsmunster ,  Austria ) .  Foam cubes o f  approx i mately 1 cm3 
we re cut f ro m  po lyu re thane foam sheet .  The  foam cubes we re t h e n  
soaked i n  1 M h yd roch lo ric  acid f o r  24 h rs and was h ed wi th d ist i l l ed 
water  u nt i l  they were acid free.  The foam cubes were t h e n  wash ed with 
aceto ne in a Soxh le t  ex t racto r  for 6 h rs ( E I - S hahawi , 1 99 4 ) .  Stock 
so lu t ions  ( 1  M) of l i t h i u m , sod i u m ,  ammon ium and potassi u m  ch lo rides 
we re prepared  separate l y  in  d ist i l l ed water .  A B ri l t on -Rob lnson b u ffe r 
( p H  2- 1 2 ) so lu t ions  were prepared by m ix i ng  equ i mo lar  conce ntrat ions 
(0 .08 M)  o f  bor ic ,  acet ic and phosphoric  acids in  d is t i l l ed  wat e r  and 
adjust i ng the  p H  with sod i um hyd roxide (0 . 1 M ) .  
The tested i n sect ic ides were P arat h i o n ,  0 , 0 -d ie t hy l - 4 - n i t ropheny l  
p h ospho rot h i o ate ( l ) ;  Cype rmet h ri n ,  cya n o (3-p h e noxypheny l ) methy l  3 -
(2  , 2 -d ich l  o roe th  y l  ) -2 ,  2-d i  me th  y lcycl opropanecarbo x y la te  ( I I ) ;  C h l o ropy­
ri fos ,  0 ,  a-d iet  hy l -o - ( 3 , 5 ,  6- t r ich I o ro -2 - pyridy l  )ph ospho  rot h i o ate  ( I I I )  and 
M a l at h i o n ,  d i e t h y l [  (d i  m e t h o x y p h os p h  i n o t h i oy l ) t h i o  ] b u t a n e d i o at e ( I V ) .  
The st ruct u re of  t he tested pyre th roid and o rg anophospho rous  is g iven i n  
Fig . 2 . 2 .  
[29J 
A stock so lu t ion of  each compound ( 200 p g/cm3) was prepared i n  
1 00 cm3 measur i ng  f lask b y  disso lv ing  t h e  exact weigh t  of  t h e  compo u nd 
i n  dist i l led and/or tap water  (as a natural  water  resou rce)  i n  the  prese nce 
of few d rops of e thano l  whe never  is  requ i red . S tanda rd so lu t i ons  of 
t hese compou nds were p r epared by d i l u t i ng t he i r  stock s o l ut ions  wi th  
d ist i l led o r  tap water .  The so lu t ions were stored in  po lyethy l ene  bott les 
(250 cm3 capaci ty) .  
F ig . 2 . 2 .  
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2 . 2. 2. Appa ra t u s  
U V  absorbance meas u re ments for  the  determinat ion o f  t he t ested 
i n s ect ic ides were o bta i ned w i th  a Pye U n icam UV-v is ib le  SP8-400 
spect rophotometer  w i th  0 . 2  and 1 cm quartz cel l s .  A n  0 rio n  p H  mete r 
and g l ass col u m ns ( 1 5  cm he igh t  x 1 5  m m  1 . 0 . )  and  Lab- L i ne  O rb i t  
E n v i ro n - S hake r mode l 3 52 7 1 - 1  w e re a lso used .  C o r n i n g  F lame  
photo mete r - 4 1 0 was used  fo r measu ri n g  t he  co ncentrat i on  o f  sodi u m  
and potassi u m .  A Pye U n icam SP-9 atomic abso rpt ion  spect ro mete r 
was used to measu re the  concent rat ion  o f  Fe . ,  M n . ,  Zn .  and C u .  Calci u m  
was determined b y  E OTA t i t rat i on .  Kje ldah l  met hod was used fo r  t h e  
dete rm i na t ion  o f  t h e  n i t rog e n  co n ten t  i n  p l a n t  ( to mato and  pars l e y )  
t issues .  Ho t  B o x  ove n ,  Honda spray mach i n e  wi th  h i g h  p ressure and 
stoppe red f lasks , 50 cm3 capacity we re used.  A Soxh let ex t racto r  and a 
rota ry evapo rator were used fo r t he recove ry and an alys is of  t h e  tested 
i nsecticides fro m the foam co l umn .  
2. 2 . 3. F o a m  C o l u m n  P repa ra t i o n  
1 g d ry foam was packed i n  a g lass col u m n  ( Fi g .  2 . 3 )  b y  apply i ng  
gent le  pressure w i t h  a g lass rod to reduce the  foam vo lume to  about one ­
t h i rd of  i t s  o rig ina l  vo lume .  Ai r bubbles are expe l led d u ri n g  packi ng step 
by con nect ing  tap ( 1 ) to a suct ion pump and closi ng tap (2 ) .  After about 5 
m in .  o f  evacu at io n ,  dist i l l ed wate r  is al lowed to  f i l l  t h e  co l u m n  g rad ua l l y  
t h rough  tap (2 )  and tap ( 1 ) stopper i s  then  rep laced w i th  a se parat i ng  
fun ne l  as  reservo i r .  
(3 1 )  
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F ig .  2 . 3 :  Foam chromatographic co l u m n  i n  packi ng  step
.  
l32] 
2.2.4. Ge n e ral P r oced u res : 
2 . 2.4.1 .  Batch Experiments : 
2.2.4.1.1 Te s t i ng t h e  s h a k i ng t i m e ef fect  o n  t h e  
e f f iciency o f  the t e s t e d  i n s e ct i c i d e s  o n  t he 
po lyu re thane  fo a m :  
e xtra cti o n  
u n l oad ed 
To examine the  e ffect of shaki ng t ime  on t he  u ptake of t he  t ested 
co mpounds ,  on t h e  u n l oaded po l y u re thane  foam ,  t h e  foam cu bes 
(0 .3+0 . 004  g )  were equ i l ib rated with 1 00 cm3 aqueous so lut ion at  p H  5-6 
o f  each co mpound at co nce ntrat ion  of  1 00 ).lg/cm3 in polyethy lene bott les 
and s haked in  a t h ermostated mechan ical shaker  at 20  ± 0 . 1 °C for  
var ious t ime i ntervals u p  to 2 h rs .  After  s haki n g ,  t he  foam cu bes were 
t h e n  separated ou t . The amoun t  o f  t h e  co mpound re mai n i ng i n  t h e  
aqueous phase was dete rmined from i ts absorbance measu rements at 
t h e  su i tab le  wave l e n gt h  fo r  each i n sect ic ide aga i nst a reag e n t  b lank  
(Table 2 . 1 ) . The amoun t  o f  t he  i nsect ic ide reta ined on  t h e  foam was 
ca lcu l at ed by d i f fe re nc e .  The e x t ract i o n  e f f i c ie ncy ( % E )  a n d  t h e  
d is t ri b u t i o n  coef f i c i en t  ( 0 )  o f  t h e  t ested spec ies  b y  t h e  u n l oaded 
po lyurethane foams were determi ned empl oyi n g  the  equat ions : 
%Extract ion (E )  
w h e re 
a o -_� x 1 00 ao (2 . 1 ) 
ao Co nce ntrat ion  of  the  tested co mpound i n  so lu t ion oefore 
extract ion ,  
[33] 
a Concent rat i on  of  t he sol ute i n  so lut ion afte r  ext ract ion 
D % E x t ract i on  V o l u m e  o f  s o l u t i o n  (L} ( 1 0 0 - % E x t ract i o n ) x W e i g h t  o f  f o a m  ( Kg )  
o r  
0 % E xt ract i on  V o l u m e  o f  s o l u t i o n  {cm3} ( 1 0 0 - % E x t ract i o n ) x W e i g h t  o f  f o a m  ( g )  
, 
(2 .2)  
(2 .3 )  
2 . 2 . 4 . 1 . 2 .  I n f luence of pH on the extraction of the tested 
i nsecticide s o n  th e u n loaded po lyu reth a n e  foa m : 
I n  250 cm3 co n ical  f lasks 0 . 3±0 . 004 g of  t he u n l oaded foam 
cubes were equ i l ib rated w i th  1 00 cm3 ( 1 00 Il g/cm3) for each of the tested 
i nsecticides. These sol ut ions were adjusted to t he  requi red pH ( 2- 1 1 )  by 
20 cm3 of  B ri t to n - Rob inson buffers and we re shake n fo r  2 h rs .  in a 
mechan ical s haker. The foam mate r ia l  was t h e n  separated and t h e  
pe rce ntage ex t ract i on  (%E ) and  t h e  d i s t ri b u t i o n  rat i o  ( 0 )  o f  e ach 
i nsecticide we re calcu lated as before a t  each p H .  
2 . 2 . 4 . 1 . 3 .  Sorpt i o n  i sotherm of t h e  tested i n sect i c i des  o n  t h e  
u n l o aded f oa m :  
I n  separate batch exper ime nts 0 .3  ± 0 .004 g o f  d ry foam cubes 
we re s hake n with 1 00 cm3 of  d i ffere nt co ncentrat ions ( 1 0- 1 00 )..lg/cm3) of  
each i nsecticide at the opt i m u m  p H  of  each one for 2 h rs .  A ft e r  shak ing 
the  foam mate rial was separated out and the  amount of  each i nsecticide 
re mai ned in t he aqueous sol u t ion was measu red spectrophotometrical l y  
and  t he  amount retai ned on  the  foam was calculated by d i ffe re nce .  
[34J 
2 . 2 . 4 . 1 . 4 .  Effect of temperat u re on the  ext ract i on pe rc entage 
of th e insecti c ides  on the  unloaded foa m :  
I n  o rder  to i nvest igate t he  e ffect o f  temperatu re o n  t h e  ex t ract ion 
ef f ic iency of  each i nsect ic ide by po lyu re thane foam ,  0.3 ± 0 . 004 g d ry 
foam was m i xed wi th 1 00 cm3 ( 1  00 �g/cm3) of  each i nsect ic ide at the  
opt i mum pH i n  stoppe red Pyrex conical f lasks at 25, 35 ,  45 and 55 ± 0 . 1 
cG.  Aft e r  s haking  fo r 2 h rs .  t he  foam mate rial was separated out and the  
a m o u n t  o f  t h e  i n sect ic ide re ma i  ned  i n  the  aqueous so l u t i o n  was 
meas u red and t h e  amount reta i n ed on t h e  foam was ca lcu lated by 
d i ffe re nce . 
2 . 2 . 4 . 1 . 5 .  Effect of i oni c strength on the  extracti on of t h e  
insecti c ides on the  u ntreated po lyu reth ane fo a m : 
I n  batch experi me nts ,  t he  i n f l ue nce o f  var ious co nce n t rat i o n  of  
a lka l i  metal  ( Li + , Na+ ,  K+ and N H; ) ch lo rides on  the so rpt ion  p rof i l es  of  
the  tested species at  1 00 119/cm3 by the u n loaded foam was carr ied out .  
I n  t hese expe rime nts 1 00 cm3 of  each i nsecticide we re mi xed wi th  0.3 ± 
0 . 004  g u n l oaded foam at 4 < p H  < 7 .  To t h ese so l u t i ons ,  var ious 
co nce n t rat i o n s (� 0 . 1 0  M) of  l i t h i u m  c h l o ri d e  we re added and t h e  
so l u t i o ns were shaken  fo r  2 h rs i n  stoppe red f lasks .  T h e  sorpt i on  
behav iour  of  the  tested compou nds on  the  un l oaded foam was evaluated 
f ro m  t h e  p e rce ntag e ex t ract i on  ( % E )  and  t h e  d is t r ibu t i o n  rat i o  ( 0 ) .  
Fo l low ing t hese proced u res ,  t h e  effect o f  NaG I ,  K G I  and N H4G I  on  t he  
sorpt i on  prof i l es of  t h e  tested i nsect ic ides on  t h e  u n t reated foam were 
also carr ied out .  
[35] 
2 . 2 . 4 . 1 . 6 . I n fluence of the  ex t rac t i o n  med i a  o n  t h e  s o rpt i o n  
prof iles of  the  te sted i n sect i c i d es o n  the  u nloaded foa m :  
The e ffect o f  var ious conce nt rat i ons o f  e thano l  o n  t he  so rpt ion  
p ro f i l es o f  the tested speci es was cr i t ica l l y  s tud ied in  stat ic  mode of  
e x t ract i o n .  I n  t h e s e  e x p e r i m e n ts 1 0 0 c m 3 o f  each i ns e ct i c ide  
( 1 00 Il g/cm3) conta i n i ng ethano l  (0- 1 5%) we re m i xed w i th  0 .3  ± 0 004 g 
o f  d ry foa m .  The so lu t ions were t hen  shaken for  2 h rs .  and t h e  foam 
mate r ia ls were separated out  by decantat ion  and the  sorpt i on  prof i les of  
each i nsect icide were obta i ned from the va lues o f  % E and 0 at each 
ethano l  concen t rat ion .  
2 . 2 . 4 . 2 .  Column Experiments : 
2 . 2 . 4 . 2 . 1 .  C h r o m a t og r a ph i c  be h a v i o u r  o f  t h e  t e s t e d  
i nsect ic ides on a colu m n  packed w i t h  u nloaded foa m :  
Quant i tat ive retent ion and e lu t ion  o f  the  tested compo unds o n  t he  
u n l o aded po l y u ret h a n e  fo a m  co l u m ns  were car r ied o u t  us i ng  t h e  
vac u u m  method o f  foam packi ng ( B rau n et al. , 1 985 ) .  Tap o r  d ist i l l ed 
wat e r  (0 . 1 d m3 ) sa mp le  co ntai n i n g  0 . 1  m g  of  t he t ested compound at 
5 < pH < 7 was percol ated t h rough the col u m n  packed wit h 1 ± 0 .006 g o f  
t he  u n loaded foam a t  1 0  cm3/m i n .  After squeez ing wat e r  f rom t he  foam 
materia l , the compound was t hen  recovered from t he foam with 1 00 cm3 
acetone i n  a Soxh le t  ex t ractor  for  6 h rs .  The samp le  quant i ty was {hen  
dete rm i ned by measu ri ng  t h e  abso rba nce of  t h e  e x t ract ed ace tone  
so lu t ion agai nst a b lank  reagent  after  be ing  concent rated to  25  cm3 wit h 
(36) 
a rotary evaporator.  The ef fect of sample vol ume  ( 0 . 1 -6 d m3) and f low 
rate (2-25 cm3/mi n )  on  the extract ion  eff ic ie ncy of  the com pou nds by the  
foams were also exami ned.  
E l u t i on  of  some of  the tested i nsect ic ides we re q u an t i tat i ve ly  
carr ied ou t  by  perco lat i n g  se l ect ive e l ut i n g  agents  o f  e i t he r  aq ueous  
so lut ion adjusted a t  speci fic p H  o r  by HC I  - acetone ( 1 : 1  v/v ) .  The e l ut ion  
of  Ch lo ropyri fos was carr ied out e ff ici en t ly  by acetone  wi th a n  aqueous 
ac id ic so l u t i on  adj us ted to p H  2 . 4 .  M e as u re m e n t  o f  t h e  e f f l u e n t 
concentrat ion  was carried out spectrophoto met rica l ly  fo r each i nsect icide 
at Amax (Table 2. 1 ) . 
2 . 2 . 4 . 2 . 2 .  C apa c i ty 
B reak-t h rough  capaci ty was def i n ed as t he  amo u nt of  t h e  t ested 
co mpound t hat co u ld  be retai ned on the co l u m n  when  t h e  i nsect ic ide 
was a l l owed to pass t h ro u g h  t h e  co l u m n  at a reaso nab le  f low rate 
(� 5 cm3 m i n - 1 ) u nt i l  the i nsect ic ide was fi rst detected in t h e  e f f l u e nt 
sol ut io n .  A so lu t ion of  50 I1g cm-3 of  each insecticide i n  tap (o r  d ist i l l ed )  
wate r  was u sed at t he  opt i m u m  p H  o f  each co mpound .  The so lu t ion  o f  
each compound was perco lated t h rough  the  foam col u m n  packed wi th  
1 ± 0 .006 g of  t he  u n loaded foam at  a f low rate of  5 cm3/min  u nt i l  t he 
e f f l u e n t  so l u t i on  co nce n t rat i o n  reached t h at o f  t h e  feed o n e .  T h e  
meas u re me nt o f  t he  ef f l uen t  concent rat i on  of  t he  tested species were 
carried out  as befo re .  
[37] 
2 .2 .5 .  P l a nt A n a lys i s :  
2 .2 .5 . 1 .  Sa mpl e prepa r a t i o n :  
Plant  sample ( leaves) of  Tomato and Pars ley we re sprayed wi th 
20 g o f  co mmercial  C h l o ropyri fos (40% w/w) m ix ed wi th  20 d m3 wate r  
( 4 : 1  x 1  0 4  w/v) i n  t he  open  f i e ld  usi ng h i gh  pressu re spraye r .  The p lant  
sampl es we re l eft fo r a pe r iod of  24 ,  72 and 1 20 h rs .  Two samples of  
each cont ro l led and t reated leaves were t h e n  co l l ected ,  was hed wi th  
d i st i l l ed wat e r  u n t i l  a l l  dust and sand removed co mp lete l y  and f i na l l y  
d ried w i th  napki n .  The  l eaves were cut i n to sma l l  p ieces,  washed wi th 
water  and spread fo r 24 h rs.  in  roo m  temperature fo r  d ry i ng  and t h e n  
g round i n  powde r form (Chapman a n d  Pratt , 1 96 1 ) . 
2 .2 .5 .2 .  Dete r m i n a t i o n  of  t h e  to ta l  n i t roge n c o n t e n t :  
Weigh an  accu rate ly we ight of  t he d ry leave (0 . 2  - 0 . 3  g )  and place 
it i n  800 cm3 Kje ldah l  f lask and add 50 cm3 of concent rated su l p h u ric 
ac id contai n i ng  1 .65 g of  sal icyl ic acid .  Add 5 gm of  sod ium th iosu l phate,  
heat fo r 30 m i n ,  cool and t hen add 1 0  g o f  sod i um hydrogen  su l phate  -
sele n i u m  m i x tu re ( 1 00 : 1  w/w) and d igest i n  Kje ldah l  apparatus .  Aft e r  
co mp l ete d i g e st i o n ,  coo l  a n d  add 300 c m 3  wat e r  and 1 00 c m 3  o f  
co ncen t rated sod i u m  hydro x ide . D ist i l l  a n d  t i t rate t h e  d i s t i l l at e  w i th  
s tandard s u l p h u ri c  aci d .  Det e rm i n e  t h e  pe rcentage o f  t he  n i t rogen  
content e mploy ing the  equatio n :  
°i< N _
N . V x 1 4 
° - 1 0 x w (2 .4 )  
where N and  V a re  the  normal i ty  and vo lu me i n  cm3 o f  s u l p h u ric acid 
co nsu med i n  the t i t rat ion  and w is  the weight  of  the d ry leaves i n  g rams.  
[38] 
2 . 2 . 5 . 3 .  Dete r m i n ati o n  o f  P, Na, K ,  Cu, Zn, M n  a nd Fe by wet 
as h i ng :  
Place an  accu rate ly  we ight  (2-3 g )  o f  t h e  g ri nded p lant  mater ia l  i n  
250 c m 3  beake r and add 2 0  c m 3  o f  co nce n t rated su l p h u ric -perc h l o ric  
acid m ix tu re ( 1 : 1  v/v ) .  H eat t he  react ion  m i xture on  a hot p late u nt i l  the 
ac id fu mes are co mplete ly evo lved.  Red uce the vol ume of  the react ion  
m i xt u re to 3 -5  cm3 by evaporat ion  on  a ho t  p late  and add 50 cm3 o f  
d ist i l l ed wate r  to d isso lve the  residue .  Tra nsfer t h e  so lu t ion to 1 00 cm3 
vo l u metr ic f lask and co mplete wi th d ist i l l ed water  to the mark .  C onst ruct 
cal i b rat ion  g raphs fo r phosp horous by UV-v is i b le  spect rophoto metry wi th  
mo lybdat e ;  sodi um and potassi um by f lame photomet ry and copper,  z i nc,  
manganese and i ro n  by ato m ic abso rpt ion  spect rometry .  The u n kown 
sample co nce nt rat ion  is  t hen  obtai n ed from a ca l i b rat ion  g raph  of  each 
e le ment  em ploy i ng the fol lowing equat io n :  
% M  
�(ppm) x s o l u t i o n  v o l u m e  (cm3) 
1 0 4 X s a m p l e  w e i g h t  ( g )  (2 .5 )  
where M == P,  Na,  K ,  Cu ,  Zn ,  M n  o r  Fe and C is the  concentrat ion o f  
the  e lement  to be determi ned i n  ppm.  
2 .2 .5 .4. Dete r m i n a t i o n  of  mo i stu re o r  h u m id i ty c o ntent  
Spread t he  sample i n  the  co nta i ne r  and  we igh  rap id ly .  D ry i n  an  
a i r-c i rcu l at i on  oven  a t  70 -80  °C to  a constan t  w e i g h t .  C oo l  i n  a 
des iccator ,  we igh  and f i nd t h e  h u m id i ty  and d ry matt e r  perce ntages 
empl oyi ng  the  equat io ns .  
[39J 
Moistu re (%) 
Dry matter  (%) 
2 .2 .5 . 5 .  A s h  C o n t e n t  
L o s s  i n  w e i  h t  o n  d ryi n g  (g) 
i n i t i a l  s a m p l e  w e i g h t ( g )  x 1 00 (2 .6)  
x 1 00 (2 . 7) 
P re heat a cruci ble in a muff le  fu rnace to about 500 cC. Cool i n  a 
desiccator  and we i g h .  Transfer an accurate l y  we ight  1 g o f  ove n -d ried 
sample in the crucib le .  P lace the crucib le  co nta in i ng  the d ry sample in a 
R . T. muff le  fu rnace and a l l ow t he  temperatu re to  r ise to 500 °C .  Afte r  
3 h rs .  a t  500 °C re move the crucib l e ,  a l l ow i t  to coo l  i n  a desiccator  and 
we i g ht .  Dete rmi ne the  ash content  employ ing the equat io n :  
Ash (%) = a s h  we i g h t  (� o v e n d r y w e i g h t  ( g )  x 1 00 (2 .8 )  
2 .2 .5 .6 .  D ry A s h i ng 
W e i g h  0 . 2  g a i r-dr ied o f  g ri nd i n g  samp le  i n t o  an  ac id-washed 
porce la i n  basi n .  I g n i t e  to 500 °C fo r 3 h rs.  in  a m uffl e fu rnace ( re fe r  to 
ash i ng p rocedu re) . Coo l , add 5 cm3 of  HC I  ( 1 : 1  v/v ) then cover  wi th  a 
watch g lass and heat o n  a s team bath fo r  1 5  m i n s .  Add 1 cm3 of  
concen t rat ed  H N 03 , evaporate to d ryn ess and co n t i n u e  h e at i n g  fo r  
1 h r. to dehydrate s i l ica .  Add 2 cm3  HC I  ( 1 : 1 v/v ) ,  swir l  to  d isso lve the  
res idue  t h e n  d i l u te  to 20 cm3 w i t h  wat e r  and warm t o  c o m p l et e  
d isso lut ion .  F i l te r  t h roug h a No .  44  f i l te r paper i nto 1 00 c m 3  vo lu met r ic 
f lask  and d i l u te  w i th  d i st i l l e d  wat e r  to t h e  mark .  Ca rry o u t  b l a n k  
dete rmi nat ion  i n  the  same way (Chapman a n d  Pratt , 1 96 1 ) .  
[40] 
2 . 3 .  R E S U LTS A N D  D I S C U S S I O N S  
The use o f  u n l oaded po lyurethane foams ( P U F) i n  separat ion  and 
preconcen t ra t ion  processes led to t h e  reveal i ng  of the poten t ia l i t i es  of  
t h e i r  spherical geo metr ical form : sphe rical membrane-shaped geomet ry 
and to  t h e  p roposal  o f  the i r g e n e ra l  use i n  co l u m n  o pe rat i ons  as a 
s u bs t i t u t e  f o r  t h e  t rad i t i o n a l g ra n u l a r  s u p p o rts  i n  e x t ract i o n  
ch romatography .  The membrane l i ke structure o f  t h e  foams togethe r  with 
t h e  e ff i c i e n t  s o r pt i o n  and m ass- t rans fe r p ro pe r t i e s  o f fe r h i g h e r  
conce n t rat i ng ab i l i ty  and f low rate com pared wi th  ot h e r  so l id  supports .  
The so l id  foam conce n t rat es various  spec ies  i n  so lu t ion  by a p h ase 
d is t ri but io n  mechan ism rathe r  than adso rpt i o n .  Thus ,  in  recent  years 
co nside rab le prog ress has bee n made i n  t he  use o f  po lyurethane foa m 
as an i nexpe nsive sol id ext ractor  and effect ive sorbent  for  t he  re moval o f  
wate r  po l lu tants .  
2 . 3 . 1 . R e te n t i o n  b e h a v i o u r  o f  t h e  tes ted  c o mpo u n d s  o n  
u n l oaded foams by ba tc h exper i ments : 
Batch e xperime nts us i ng u n loaded polyu rethane foam have shown 
t h a t ,  t h e  e x t ract i o n  of i nv e s t i g at e d  i n s e ct i c i d e s  P a rat h i o n ( I ) ,  
Cypermet h r i n ( l I ) ,  C h l o ro pyri fos ( I I I ) and Ma lat h i on ( I V )  is  rapid and t h e  
equ i l i b ri u m  is  reached i n  l ess t h a n  5 0  m i n . ,  fo l lowed by  a p la teau .  
H e nce a m i n i m u m  1 h r .  shaki ng t ime was adopted in  the  subsequent  
wo rk .  The  re su l t s  obta i ned  a re su m mar ized in  F i g .  2 . 4 .  A good 
e x t ract i o n  p e rfo rma nce and rap id preco nce n t rat i o n  of t h e  tes ted 
co mpou nds from aqueous media we re obtai ned.  The average va lues of  
the hal f - l i fe ( t 1 l2 )  o f  equ i l i b ri u m  sorpt i o n  ca lcu lated from F i g .  2 . 4  were 
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Fig. 2 .4 .  E ffect o f  shaki ng t ime on  t he  so rpt io n p ro fi les o f  Parath i on  ( 1 ) , 
C yp e rm e t h ri n  ( 2 ) .  C h l o ro pyr i fos ( 3 )  a n d  Ma lat h i o n  ( 4 )  at 
1 00 m g/c m3 in aqueous  so l u t i on  ( 1 00 c m3 ) at pH 5-7 and 
20 ± 0 . 1  °C by u n loaded foam (0 .3  ± 0 . 004 g ) .  
[42] 
fou nd i n  t h e  ra n g e  2 -3  m i ns .  Th ese resu l ts  sug gest t h e  poss ib l e  
appl icat i on  o f  the u n loaded po lyu rethane foam i n  co lu m n  ope rat ions  fo r 
the  quant itat ive co l lect ion of  trace amounts of the tested i nsect icides from 
the aqueous media at reaso nable f low rates .  
The retent ion  o f  the  tested i nsect ic ides on  the  u n l oaded foam was 
found  to depend on t he  pH of t h e  ex t ract ion  med ia .  T h e refo re. t h e  
in f l uence o f  the  pH o n  the  ext racti on  of  each of  the  t ested com pou nds b y  
t he  u n loaded foams at 1 00 Il g/cm3 co ncent rat i on  was examined b y  batch 
mode of ex t ract i o n  over  the  pH ran ge  2 - 1 1 .  The  abso rba nce of t h e  
aqueous phase o f  each co m pound  (Tabl e 2 . 1 )  was meas u red aft e r  
ex t ract ion a t  t he  opt imum wave leng th  of  each compound.  The sorpt ion 
prof i les of  the  i nvesti gated co mpou nds by the u n l oaded foams a re g iven 
i n  (F ig .  2 . 5) f rom wh ich  i t  can be seen that the  percentage removal o f  t he 
com pou nds tested by t he  u n loaded foams increased marked l y  i n  t he  pH 
ra nge 5 -7  except  Ch lo ropyri fos wh ich reached a max i m u m  retent i on  i n  
t h e  pH range  2-4 . Malath ion  d isp lays a m in imum re moval a t  pH  9 and 
the perce ntag e removal  s l i gh t l y  i nc reased at h i g h e r  p H .  Lower i ng  t h e  
pH t e n d s  to  p roto n at e  t h e  n i t rog e n  ato m s  o f  t h e  u re thane  l i n kage 
(a)  and/or t he  e the r  oxygen (b )  a toms o f  t h e  po l yu re thane  foam ( E I ­
Shahawi . 1 994)  as fo l lows : 
[43) 
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E ffect of  pH on  t he  ex t ract ion  percentage of  Parat h io n  ( 1 ) , 
Cype rme th r i n  ( 2 ) ,  C h l o ro p y ri fos ( 3 )  a n d  Ma lat h i o n  ( 4 )  at 
1 00 mg/cm3 by un loaded foam (0 . 3 ± 0 .004 g) from 1 00 cm3 
aqueous samp le .  O the r  ex t ract ions as i n  Fi g .  2 . 4  and  1 h r. 
extract ion t ime .  
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Thus ,  t he  sorpt ion  of  the compou nds i nvolves neut ral  species and th i s  is 
consiste nt w i th  a so lve nt -ex t racti o n  mechan ism as prev ious ly  re ported 
( E I -Shahawi , 1 994 ) .  These data show t h at the  pH va lues s i gn i f ican t l y  
i n f l uence t he  sorpt ion of  the  tested species .  
2 .3 .2 .  S o rpt i o n  I s o t h e r m s  
The sorpt i on  o f  t he  tested i nsect ic ides ( I ,  I I , I I I  and I V ) f ro m  the  
aqueous so lu t ion  by t he  u n l oaded foam was fo und  to  depend on  t h e i r  
concentrat ions .  Thus ,  t he  ex t ract ion  i sothe rms of  the  tested compounds 
on the  u n loaded P U F  were developed over  a wide range  of  equ i l i b ri u m  
conce n t rat i o ns ( 1 0 - 1 0 0 pg /cm3 )  f o r  each species a t  20°C . The  p H  
values o f  t he  aqu eous so lut ions were adjusted to 4 � pH � 7 ,  s o  t hat the  
co m po u nds w e re p redo m i nate l y  i n  the  u nd i ssociated fo rm . At low 
co ncen t rat i on  of  the  compounds,  t he  sorpt ion  isothe rms e x h i b i ted a f i rst 
o rd e r  behav io u r  (good l i n ea r  re l at i onsh ip )  and  te nded to  p lateau at 
h i g h e r  bu lk  so lu t ion  concent rat i on .  F ig .  2 . 6  shows p lots of  the re main i ng  
conce nt rat i on  o f  t he  tested i n sect icides i n  t h e  aqueous phase versus 
t he i r conce nt rat i on  reta i n ed on  the  foam mater ia l .  The  sorpt i on  of  the  
d i f fere nt species by the  u n loaded foam i ncreases i n  t he  o rder :  
Cype rmethr i n  > Ch lo ropyr i fos > Parath ion > Malath io n  (2 .9 )  
[45J 
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F ig .  2 .6 .  E xt ract i o n  i so t h e rm o f  Parat h i o n  
( 1 ) .  C y p e r m e t h r i n  ( 2 ) . 
Ch loropyri fos (3 )  and Malath ion (4 )  at concentration
 1 00 mg/cm3 
by u n loaded foam (0 .3  ± 0 .004 g )  f rom 1 00 cm
3 aqueous sample 
at 4-7 and 20±0 . 1  °C and 1 hr .  extract ion t ime .  
[46] 
as s hown i n  F i g .  2 . 6 .  S i m i l a r  t re nds for t he  ex t ract i o n  o f  t he  tested 
com pou nds we re obta ined wi th d iethy let he r  and fo r ot he r  s imi ar  species 
reta i ned on  po lyurethane foams ( E I - Shahawi ,  1 994 ) .  The refore "solvent 
ex t ract ion"  is  the  most probable mechanism for the  sorpt ion o f  the  tested 
species by t he  u n loaded po lyu rethane foa m fro m  aqueous media at t he  
tested pH .  However ,  i t  i s  wort h  to no te  that , t he  mo lecu lar  we ig hts ( Mw) 
of  Ch l o ropyr i fos ( Mw = 345 . 5 ) ,  Malath ion  ( Mw = 230 . 3 ) ,  Parath ion  ( Mw = 
29 1 . 0) and Cype rmethr in  ( Mw = 4 1 6 . 6) i s  a lso a part ic ipat i ng  facto r  i n  t he 
ex t ractio n  step by t h e  foa m .  These data are a lso cons isten t  wi t h t h e  
general  understand i ng  t hat the  larger  t he  molecu lar  we igh t  of  t he  so rbate 
t he  l a rg e r  t he amount  of the  tested i nsect ic ides retai n ed o n  t he  foa m  
when  t he  su bstances concerned are s im i l a r i n  nature ( E I -Shahawi and 
A ldhaher i ,  1 99 5 ) .  However ,  t h e  co m p l e x  nat u re o f  t h e  mefTI b rane 
structu re of  the  po lyethe r  foam i mp l ies t hat several mechan ism::, cou ld  be 
i nvolved s im u l taneous ly ( B raun et al. , 1 985 ) .  
The i nf lue nce of vari ous concen t rat ions  of  a lkal i metal  (L i + ,  Na+ ,  K+ ,  
and N H: ) c h l o ri des  a t  conce n t rat ; o ns ::::: 0 . 1 M on  the  sorpt i o n  
pe rcentag e of  t h e  tested compou nds a t  1 00 ).lg/cm3 was stud ied a t  4 � 
pH � 7 .  T h e  res u l t s  ob ta ined  are s u m m a ri zed i n  F i g s .  2 . 7- 2 . 1 0 . 
S ign i f icant i ncrease i n  t he  d is t r ibut ion rat ios  of  Malat h i o n  and Parath ion  
( F i g s .  2 . 7  and 2 . 8 ) was observed wi t h i nc r e as i n g  L iC ;  0 1  NaCI  
co nce ntrat ions fro m 0 .0 1 to 0 . 1 M and the  fo l lowi ng  o rder  of  e xt ract ion : 
L i + > Na+ > N H + > K+ 4 
[47J 
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Malath ion  by u n l oaded foams.  Sal t  conce nt rations  are 0 . 0 1  M ( 1 ) ,  
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shak ing t ime .  
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E ffect o f  cat i on  s i ze  and co ncen t rat i o n  ( �  0 . 1 M )  of  var ious 
u n iva lent  ions ( L i + ,  Na+ ,  K+  and N H: ) o n  the sorptio n  prof i les of  
C ypermeth ri n  by u n l o aded foa m s .  Sal t  c o nc e n t rat i o n s  are 
0 . 0 1  M ( 1 ) . 0 . 0 5  M (2 )  and 0 . 1 M (3 ) .  Ot her  condi t ions as in  F ig . 
2 .4  and 1 h r. shak ing t ime .  
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C h l o ro py ri fos  by u n loaded fo a m s .  Sa l t  co nce n t ra t i o ns are 
0 . 0 1 M ( 1 ) , 0 . 0 5  M (2 )  and 0 . 1 M (3 ) .  Ot he r  co ndi t ions as in  F ig . 
2 . 4  and 1 h r. shaki ng  t ime .  
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were ach ieved o n  t h e  u n l oaded po ly u re thane foa m .  The d istribu t ion  
rat i o  o f  Ma lath ion  i ncreased wi th  t he  amount  of  L iC I  and N aC I  added 
fro m  log 0 = 3 .48  and 3 .42 to 3 .52 and 3 .44  fo r Li + and Na+ ions at 0 .0 1 
and 0 . 1 M ,  respect ive ly  (F i g .  2 . 7 ) .  Th is behavi o u r  is characterist ic o f  a 
"solve nt-extract ion mechan ism" with the  salt acti ng  as salt i ng -out  and the 
cat ion-che lat ion mechan ism i s  excluded ( B rau n  et  al. , 1 985) .  The added 
salts (L i + ,  N a+ )  i ncreased t he  sorpt ion  p rofi les of  t h e  tested co mpo u nd 
i n to t h e  po l yet h e r  foams by reduci ng  the n u mber  of  wate r  mo lec u l es 
avai l ab l e  to so lvate t h e  o rgan ic  com po u nd wh ich  wou ld  t h e refore be 
fo rced out  of  the solvent phase i nto the foam .  I n  such  case some amount  
of f ree water  mo lecu les are prefe re ntia l l y  used to  solvate the  ions  added 
( Fo n g  and  C'how 1 9 92 ) .  H e nce t h e  i n f l ue nce o f  t hese  sa l t s  ca n be 
exp lai ned by the sal t ing out effect and the "solvent ext raction"  i s  the most 
p robable mechanism ( Brau n  et al. , 1 985) .  
To co nfi rm the salt i ng  out  of  t he  added salts on  the sorpt ion prof i les 
of Malath ion  and Parath ion by the un loaded foams, t he  extract ion of 200 
cm3 of the former species (80 �g/cm3) at  pH 2 and pH 6 was i nvest igated 
afte r  1 h r . shak i ng .  The  added L iC I  (0 . 1 M)  to  t h e  aq ueous  med ia  
e n h anced t h e  distr i but io n  rat i o  of  Malat h ion  i n  a so lu t ion  o f  p H  6 ( log 
D=3 .05 )  t h a n  at pH 2 ( l og D= 1 . 9 ) .  These res u l ts  co nf i rm t h at both 
Malath ion  and Parath ion  tested are h igh l y  ext ractable i n  the neut ral  form 
and  t h e  "so lve nt  ex t ract i o n  mechan i sm"  is  the m o re p redo m i nan t  
mechan ism .  
[52] 
The reten t ion  behav iour  o f  Cypermet h ri n  by t h e  u n loaded foams 
(F ig .  2 .9)  decreased with i ncreas ing  the  concentratio n  o f  the  a lkal i  metal 
( Li+ , Na+, K+ ,  and N H; ) ch lorides and the fo l l owing order  o f  sorpt io n :  
K +  > Na+ > N H; > lj+ (2. 1 1 )  
was ach i eved at 0 . 1 M sa l t  conce n t rat i o n .  S i m i l a r  b e h av iou r was 
ach i eved on  t h e  sorpt ion  profi l es of C h loropyri fos by t he foam ( Fi g .  2 . 1 0) 
i n  t h e  p rese nce of  t he  same a lka l i  cat i ons .  There fo re t he  i o n -d ipo le  
i n te ract ion  o f  N H; wi th  the oxygen s i tes o f  po l yu re thane foam m i g ht be  
h i gh l y  p redominant  i n  the  sorpt ion of Cypermeth r i n  and  Ch lo ropyrifos as 
co m pa red to Ma lat h i o n  and Parat h i o n .  T h u s , t h e  cat i o n  c h e l at i o n  
mechan ism m ay be ope rat ive i n  t he  sorpt i o n  process o f  Cypermet h ri n  
a n d  Ch lo ropyri fos ( Brau n  e f  al. , 1 985) .  
Accord ing  to t he  "cat io n -che lat i on  mechan ism" the p resence of  the  
K +  ions  s h o u l d  fac i l i ta te  the  e x t ract i o n  o f  the  Cype rmet h ri n  and  
C h l o ropyri fos by t he foam more than  t he  o ther  a lkal i metal  i ons  ( N H; , 
N a+ o r  Li+ ) because of the  better  f i t  of th is  ion  i nto the  central  cavi ty of t he  
oxygen - rich he l i x  i n  t h e  polyu re thane foam .  The obta i ned resu l ts  o f  t he  
s o rpt i o n  p ro f i l es  o f  Cype rme t h r i n  and  C h l o ro p y r i fo s  a re i n  g o od 
ag re e m e n t  w i th  t h e  data rece n t l y  re po rted by Pa lagy i  ef al. , 1 99 2 .  
T h e re f o re "cat i o n - c h e l a t i o n m e c h a n i s m "  i s  t h e  m o s t  p ro ba b l e  
mech an ism fo r t he sorpt ion  o f  t hese species .  I n  accordance wi th  t h i s  
mechan ism ,  t he po lya lke noxy chai ns o f  t he  PUF sorbe nt  fo rm a h el ical 
[53) 
structu re .  Th is he l ical structu re of the  foam so rbent forms a c lat h rate wi th 
su i tab le s i mple catio ns (B rau n  et a/. , 1 985) .  
It has been noted that, temperatu re remarkably affects the rate of the 
ext ractabi l i t y  of the tested i n secticides by un l oaded po lyu re thane foam.  
Thus  i n  batch experime nts t he  i n f l ue nce of tempe ratu re (35 ,  45 and 
55 °C) o n  t h e  sorpt io n  p rof i les of the  tested species  by t he u n loaded 
foam was dete rmi ned at t h e  p H  o f  m ax i m u m  e x t ract i o n  o f  each 
i nsecticide .  The perce ntage ext ract ions and the d ist ri but ion rat i os o f  the 
tested co mpou nds i ncreased s l i gh t l y  w i th  i ncreas i ng  t empe ratu re ,  and 
s im i la r  t rends to  that o btai n ed at 20 °C were ach ieved.  Ass u m i n g  no  
precipi tat ion o r  che lat ion has occu rred and  the  ext racted species ex ist as 
neut ral species in  t he  pH of  max i m u m  ext racti b i l i ty ,  t hen  t h e  equ i l i bri u m  
constant K for t h e  equat io n .  
I nsecticideaq �====� I nsecticidefoam (2 . 1 2)  
is  equ iva lent  to t he  distribut i on  rat i o ,  D .  Thus by plott i ng I n  D vs .  f 
and e mploy ing the  equat ion : 
(2 . 1 3) 
t h e  va l u es o f  t h e  standard e n t h alpy  change  L1 H O  and t h e  standard 
e n t ropy  c h a n g e  L1 8° can be obta i ned .  The L1 8 °  fo r  Ma lat h i o n  and 
Parath i on  were fo und  to  be 20±2 and 38±4 J/mol .deg , wh i le  for  the  
Cypermeth ri n  and C h l o ro py r i fos  the � 8° val u es were found  to  be 
[54] 
- 1 6 ± 1 . 8 and - 1 9±2 J/mo l .  deg . ,  respect ive ly  for  t he  sorpt ion  i nto  t he  
u n loaded fo a m .  T h e  h i g h mo lecu la r  we ig ht  o f  t h e  Cypermeth r i n  
( Mw=4 1 6 . 6 )  m ay accou nt fo r i t s  h i ghe r  val u e  o f  .18° .  The obse rved 
decrease i n  the .1so o f  Malath ion  and Parat h ion  is  possi b ly  due to  t he  
p resence o f  P=8 g ro u p  wh ich  cou ld  reduce t h e  io n -d ipo le  i n te ract ion  
w i th  t h e  oxygen  s i tes  o f  po lyu re thane foa m .  Th i s  wo u ld  red uce the  
degrees o f  freedom of  movement of  the  tested o rgan ic  co mpou nds i n  t he  
po l yu re thane  foam as  p rev ious l y  repo rt ed by Ad amso n ,  1 967  and 
Schumack and Chow,  1 987 and E I -Shahawi , 1 994 .  
The  po l y m e ric  nat u re and/o r t h e  d i f ferent  f u nct i ona l  g ro u ps o r  
heteroato ms i n  the  foam may also take a part i n  t h e  sorpt i on  p rocess of  
both Malat h i on  and Parat h io n .  T hese data are a lso cons is tent  wi th  a 
so lvent  ext ract ion  mechan ism and are i n  good ag ree m e nt wi th  t he  data 
prev ious ly  re po rted by 8ch u m ack and Chow 1 987.  The va l ues  of t he  
standard e nthalpy  change ,  HO  were fou nd to be i n  t h e  range 26 ± 4 kJ 
mo l - 1 . Rais i ng t h e  te mpe ratu re m ay fac i l i tate t he  part i t ion of t he  tested 
species t h rough  t he po lyu rethane foam via u ret hane l i n kage (a)  and/o r 
ether  oxygen ato ms (b)  as fol lows : 
o I ,  
---CO - N H ---
(a) 
o r  
(b) 
[55] 
The i n fl ue nce of t he  sorpt ion media on  t h e  p reco nce n t rat i on  o f  the  
tested com pou nds by the  u n loaded foams was examined a t  t he  opt i m u m  
p H  by t he  addi t i on  o f  var ious p roport i ons  o f  e t h a n o l  ( 0 - 1 5%) .  T h e  
sorpt ion perce ntag es of Malath ion  a n d  parath ion  were decreased by t he  
add i t ion o f  e thano l  u p  to 1 5%. Representat ive resu l ts are summarized i n  
F ig .  2 . 1 1 .  T h i s  be hav iou r i s  pro bably due to t h e  format ion  o f  d i ffe re nt 
associat ion  i n  the  aqueous so lu t ion  (West , 1 973) .  The species present 
i n  the aqueous solut ion are wel l  so lvated and so i t  is  di ff icult fo r  i t  to form 
ion -pai rs i n  the aqueous so l ut i o n .  These data a re also co ns iste n t  with 
t h e  fact t hat wi th a co mpound o f  l ow d ie l ectr ic constan t ,  t h e  deg ree of 
ext ract io n should i ncrease wi th i ncreas ing  the po lari ty  of the polar phase 
(Schu mack and C how, 1 987) . Thus ,  "solvent  ex t ract ion  mechan ism" is  
t h e  m ost  p robab le  mechan i sm fo r t h e  s o rpt i o n  o f  M a l at h i o n  and 
P arat h i o n .  In  con t ra ry ,  t h e  so rpt i o n  p ro f i l es  o f  Cyperme t h ri n  and  
C h l o ro p y ri f o s  i n c reased w i t h  i n c re as i n g  e t h a n o l  c o n c e n t ra t i o n .  
R e p resen tat ive resu l t s  a re s u m m ari zed i n  F i g .  2 . 1 2 .  The refo re , t h e  
nat u re o f  t h e  ex t ract i on  media h as a marked effect o n  t h e  so rpt i on  
characte ri st ics o f  the  tested i nsect ic ides. 
[56] 
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F ig .  2 . 1 1 .  E ffect of ext ract ion  m edia on the  sorpt ion  p rof i l e  o f  Malath ion  by 
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F ig .  2 . 1 2 .  E ffect of ex t ract ion med ia  on  the sorpt io n  p ro fi le  o f  C ypermet h ri n  
b y  t h e  u n l oaded foam a t  1 h r. s hak in g  t ime ,  0% ( 1 ) ,  5% (2) , and 
1 5% (3 )  o f  ethano l .  Other  condi t ions as i n  i n  F ig .  2 . 4 .  
[58) 
2 . 3 . 3 .  C h r o m a t ogr aph ic be h a v i o u r  of  t h e  te s t e d  
i nsecticides o n  polyu ret h a n e  foam c o l u m n s :  
Stat ic expe ri m e nts o n  t h e  sorpt i on  behav io u r  o f  t h e  t ested 
co m pounds fro m the aqueous so lu t ion wi th the u n l oaded foam suggest 
t h e  possi b le  app l icat i o n  o f  t h e  foam in co l u m n  ex t ract i on  mode fo r  
q u a nt i ta t ive co l lect i on  and recovery of  t he  t ested s peci e s  f rom t h e  
aq ueous media .  D ist i l l ed o r  tap water  samples (0 . 1 -5 d m3) co ntai n i ng 
0 . 1 m g  o f  each co mpo u nd at t h e  p H  o f  max i m u m  ex t racti b i l i ty were 
perco l ated separate ly  t h rough  the  foam co l u m ns at a f low rate o f  1 0- 1 5 
cm3/mi n .  More o r  less co mplete reten t ion  of  the  tested compou nds was 
achieved by t h e  foam co l u m n .  Afte r squ eez ing water f ro m  t he  foam ,  t he  
retai ned co mpou nds were t h e n  recovered from t h e  foam m ateri al w i th  
1 0 0 c m 3 acet o n e  i n  a S o x h l et e x t ract o r  a n d  d et e r m i n ed 
spect ro photo met rica l l y .  Satisfacto ry recove ry pe rcentages (93 . 5-99 . 5%) 
of  the t ested compou nds from the aqueous media by the p roposed foam 
col u m n  method are obta ined (Table 2 . 1 ) . 
The dependence of  t he  sorpt ion prof i les of  t he  tested i nsect icides by 
t h e  foam col u m n  on t h e  f l ow - rate  (2 -25  cm3 ) and  samp le  vo l u mes  
(0 . 1 -6 dm3) was i nvest ig ated . An aqueous samples (2  d m3) co ntai n i ng 
0 .05  mg o f  Parath ion  was percolated t h rough  t he  foam col u m n  at var ious 
f low- rates up to 25 cm3/m i n .  C o m p l et e  reten t i on  of P a rat h i o n  was 
obtai n ed at f l ow- rate up to  1 5  cm3/m i n  and decreased s i g n i f ican t l y  to 
85% at f l ow- rate 20-25 cm3/mi n .  On  the ot h e r  hand ,  on i ncreas ing  
[59]  
Tab le  2 . 1 .  Ex t ract ion  and recovery of  the  tested compou nds from 3 d m3 dist i l l ed 
and tap wate r  by the proposed u n loaded foam col u m n· . 
Compound % Recovery Wavelength (nm) 
Dist i l l ed water  Tap water  
Parath i on  95 .6  ± 0 . 4  95 .9  ± 0 . 4  2 7 4  
Ma lat h i o n  9 3 . 5  ± 0 . 5  99 . 5  ± 0 . 5  2 0 6  
Cypermeth ri n  94 .2  ± 0 . 4  95 .7 ± 0 . 7  2 7 3  
C h l o ro py ri fos 96 .5 ± 0 . 6  97 .2 ± 0 . 4  2 0 6  
* Average ± S O  fo r f ive measureme nts .  
[60) 
sample vol ume  f ro m  2 to 5 dm3 at f low rate  $ 1 5  cm3/mi n .  no  s ig n i ficant 
decrease on the retent ion perce ntage was obse rved. 
To de te r m i n e  t h e  pe rfo rm a n ce of t h e  foam co l u m n  by t h e  
c h romatog ra m  method ,  q uant i tat ive  re ten t i on  o f  Parat h i o n  ( 0 . 02  m g )  
fo l lowed b y  e lu t ion  wit h 200 cm3 acetone - He l  (3 : 1  v/v) t h rough  t he  foam 
col u m n  at 5 cm3/m in  f low rate was carried ou t .  The he ight eq u ivalen t  to 
a theoret ical plate ( H ETP) was obtai ned f rom the e lu t ion curves us ing  t he 
equat ion (A l fassi and Wai , 1 992) : 
L 
H E TP (2 . 1 4 ) 
Where N = nu mbe r  of t heoret ical p lates,  V max = vo lume o f  e l uate  at the  
peak max i m u m ,  W e  = width o f  t he  peak at � t h e  m a x i m u m  so lu te  
concen t rat ion  and  L = l eng th  o f  the  colu m n  foam bed i n  mm.  The H ETP 
values were fou nd equal  1 . 9 ± 0 .2  and  2 ± 0 . 2  m m  a t  f low rates of  1 5  and 
20 cm3 m i n- 1 , respect ive ly .  
The foam co l u m n  performance was also calcu l ated fro m  t he b reak 
t h ro u g h  capacity  cu rv e  method for the tested i nsect icide ( Fi g .  2 . 1 3 ) .  An 
aqueous so lu t ion  of Parath ion  (50 1l9/cm3 ) was perco lated t h rough  t he  
col u m n  a t  1 0  and 20 cm3/mi n  and the  he igh t  equ ival e nt to t heoret ical 
p lates ( H ETP)  was calcu lated by employi ng  t he  equat ion :  
[6 1 ] 
( 2 . 1 5 ) 
where N = number  of  t heo retical plates, V 1 = vol ume of  the  e ff luent  at the  
center o f  the  S-shaped of  break t h rough cu rve where t h e  conce ntration  is  
one ha l f  t h e  i n i t ia l  co nce n t rat i on  and V2 i s  t he vo l ume  at  wh ich t h e  
eff l uent has a concentrat ion  o f  0 . 1 578 of  the  i n i t ial concent rat i on .  The  
va l u es o f  H E TP o bta i n ed by t h i s  method we re fou nd  i n  t he  ra n g e  
2 . 1 ±0 . 2  m m .  T h e  H E T P  va l u es fo r Parat h i o n  o bta i ned f ro m  t h e  
ch ro matog ram e lu t ion  curve a t  1 0  cm3/mi n  a re i n  agreemen t  wi th t h e  
data o bta i ned fro m  the  break t h rough capacity cu rve method.  
T h e  propo sed foam co l u m n  met h od has b e e n  success fu l l y  
e m p l oyed fo r t h e  se parat i o n  o f  t h e  b i n a ry m i x t u res  o f  M a l at h i o n ­
Cypermeth ri n ,  a n d  Parath io n -C ype rmet h ri n  i nsect ic ides f ro m  d i ffe re n t  
vo lumes (0 . 1 -2 dm3) of  the  aqueous media.  A m ixtu re conta ined 0 .05  m g  
of  Malath ion  (o r  Parath ion )  was separated from 0 .0 5  mg o f  Cypermet h ri n  
a t  p H  1 . 5 a nd 0 . 1 M l it h i um  ch loride .  Sorpt ion o f  Malath ion  o r  Parath ion  
took  p lace wh i l e  Cype rmet h ri n  was no t  retai ned o n  t he  foam co l u m n  and  
co l lected quant i tat ive l y  i n  t he  e ff l uen t .  Malat h ion  o r  Parath ion  was then  
recovered f ro m  the  col u m n  by 1 00 cm3 acetone  i n  a Soxh let ex t ractor  as 
descri bed before.  
The separat ion  o f  Malath ion  (0 . 1  mg)  f ro m  Ch lo ropyri fos (0 .05  m g )  
i n  aqueous  so l ut i on  a t  p H  2 a n d  i n  t he  presence o f  sodi u m  ch lo ride 
(0 . 1 M )  has bee n  successfu l l y  emp loyed by po lyu re thane  foam.  The 
[62] 
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Fig . 2 . 1 3 .  B reakt h rough  capacity cu rves o f  t he  sorpt ion  prof i les o f  Parath ion  
b y  u n l oaded foam at f l ow ra tes  o f  1 0  c m3 m i n - 1 ( 1 )  and  
20 cm3 m i n - 1 (2 )  by  t he  u n loaded foam colu m n .  
163] 
so lu t i on  m i x t u re was perco lated t h rou g h  t h e  foam co l u m n  at 1 5  cm3 
m i n - 1 . Sorpt i on  o f  ch l oropyr i fos took p lace w h i l e  Ma lat h i on  was n ot 
retai n ed o n  the  foam co l u m n  and col lected quant i tat ive ly  i n  t he  ef f l u e nt .  
Ch lo ropyri fos was t h e n  recovered from t h e  foam wi th  1 00 cm3 acetone  i n  
a S o x h l e t  e x t racto r  and was dete rm i n ed spect ro p h oto m et r ica l l y  at 
206 n m .  
2.3 .4 .  C apa c i ty :  
T h e  p ract ica l  u s e f u l ness  o f  co l u m n s  p acked w i t h  u n l oaded 
p o l y et h e r  foam can  be  tes ted by m ea s u r i ng  t h e i r  b reak - t h ro u g h  
capacit i es .  B reak- th ro u g h  capaci ty  was def i ned as the  amoun t  o f  t h e  
i n sect ic ide t h at cou ld  b e  reta i ned on  t h e  co l u m n  w h e n  t h e  i nsect ic ide 
so lu t ion  was al lowed to pass t h rough i t a t  a rate  o f  5 - 1 0  cm3 m i n - 1 u nt i l  
t he  i nsect ic ide was f i rst detected i n  t he  e ff l uen t  so lut i on .  P ract ical ly ,  t h i s  
capaci ty  was determ i ned fro m the  actual  vo l u m e  t h at was co l l ected j ust 
befo re t he  appearance of  the i nsect icide in t he  e ff l uen t  so lu t ion  m i nus  t he  
f ree -co l u m n  vo l u m e .  T h e  res u l tan t  v a l u e  was  m u l t i p l i e d  by t h e  
conce ntrat i o n  o f  t h e  o ri g i na l  so lut i on .  Afte r  reach i ng  t h e  b reak-th roug h 
vol u me ,  e l u t i on  was con t i n ued u n t i l  t h e  e f f l u en t  so lu t ion  co ncent rat io n  
reached t hat o f  t h e  feed so lu t i o n .  T h e  cu rves of  F i g .  2 . 1 3  p resent  t h e  
b reak-th rough  vo l u m e  a nd t h e  vo l ume needed t o  reach bed sat u rat i on  
fo r  Parath ion  (50  ).1g cm-3 ) a t  the  opt imum pH a t  5- 1 0  and  1 5-20 cm3/m i n  
f low rate .  I t  i s  c lear  from the  curves tha t  the  r is i ng  po rt i ons  h ave l arge 
s lopes  wh ich  i nd icates bot h a h i g h  t rans fer  rate o f  Parat h i o n  i n  t h e  
m e m branes  fo rm i n g  t h e  ske le ton  o f  t h e  foam mater ia l  and  t h at t h e  
[64] 
abso rpt ion  equ i l i b ri u m  o f  t he  tested co mpound o n  t he  u n l oaded foam 
m at e ri a l ca n be  at ta i ned rapid l y .  The b reak  t h ro u g h  and ov e ra l l  
capacit ies o f  foam col u m n  packed wit h one  g ram d ry foam for  Parath ion  
are 0 . 4  and  0 .35 mg respect ive ly a t  5- 1 0  and  1 5  cm3 m in - 1 . 
2 . 3 . 5 .  Effect of  Ch loropyri fos  Treatment o n  Tomato a nd Pa rsley 
P l a n t s : 
Total  t race e l e men t  ana lys is  o f  To mato and Pars l e y  p lan ts  was 
perfo rmed before ( 1 ) and afte r  spray wi th  Ch l o ropyri fos i n  wate r  ( 0 .04% 
w/v) fo r 24 ( 2 ) ,  72 (3 )  and 1 2 0 (4 )  h rs .  The o bta i ned res u l ts  a re 
summarized i n  Tab le 2 . 2  and 2 . 3  for  Tomato and Pars ley  respect ive ly .  
The ove ra l l  ave rage concent rat ion pattern of  N .  K ,  P ,  Na ,  Fe ,  Zn ,  M n  and 
Copper (Tab le  2 . 2 )  fo l low the sequence : 
2 > 1 > 3 > 4  
for  i ro n  (55- 1 1 0  ppm) ,  manganese (40-6 1 ppm)  and coppe r ( 1 6-4 1 ppm) ,  
respect ive ly .  The obse rved decrease i n  t hese  essen t ia l  e l e m e nts  i s  
possi b ly  att r ibuted to  t h e  g reat ab i l i ty  o f  C h l o ropyri fos  to  pene t rate 
t h ro u g h  p l a n t  t i s s u e s  and co m p l e x i n g  w i t h  t h es e  me ta l  i o n s .  
Accu m u l at i on  o f  t hese complexes decrease t h e  u ptake o f  t h ese  m etal  
i o n s  (Co rbet t ,  1 97 4 ) .  No s i g n i f icant  change  in t h e  u ptake of Z i nc  
( 1 2  p p m ) .  F o r  n i t r o g e n  ( 3 . 2 - 3 . 4 % ) ,  po tass i u m  ( 0 . 7 5 - 0 . 87%) . 
phosphorous (0 . 43-0 . 46%) and sodi u m  (0 . 29-0 .36%) .  The accu m u l at io n 
pattern  o f  t hese e lements fo l low, respect ivel y the  seque nce : 
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1 > 4 > 3 > 2 
3 > 2 > 1 > 4 
4 > 3 > 2 > 1 
2 > 4 > 1 > 3 
I n  p lant  Pars le y, t h e  d is t ribu t ion  of  phosp ho rous (0 . 39-0 . 50%) and 
copper (7 -8  ppm)  befo re and afte r  spray (Table 2 .3 )  fo l low t he  sequence : 
wh i le  for  n i t roge n  (3 . 1 -3 .8%) and potassi u m  ( 1 .9 -2 . 6%) t he  u ptake fo l low 
the o rder :  
I n  t h e  case o f  sodi u m  ( 0 . 9 - 1 . 5%) and  i ro n  (60- 7 2 . 5  ppm)  t h e  
distribut ion fo l low t h e  seque nce : 
1 > 2 > 4 > 3  
wh i l e  fo r  z i n c  (30 . 5 - 34 ppm)  and mangan ese (3 1 -35  ppm)  t h e  u ptake 
fo l low the seque nce : 
4 > 3 > 2 > 1 
3 > 4 > 2 > 1 
respect ive ly .  These res u lts show i ncrease i n  t he  u ptake o f  phosphorous 
and coppe r wit h i ncreas ing  spray t ime by Ch lo ropyri fos and decrease i n  
t h e  u ptake o f  sodi u m  and i ro n .  These resu l t s  may att ri buted to  t h e  
i n f l uence o f  Ch lo ropyri fos i n  the p lant  t issues.  
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Tab l e s  2 . 3  and 2 . 4  show t he e ffect  o f  C h l o ropy r i fos  o n  t h e  
p e rce ntages o f  h u m id i ty ,  wet we igh t  a n d  d ry we i g h t  fo r To mato and 
Pars ley  pl ants .  I n  p lant To mato (Table 2 . 3 ) the  percentages of  hum idity 
( 78 . 4-86 . 1 %), d ry weigh t  (2 . 1 -7 . 5%) and wet wei g h t  ( 1 1 . 8 - 1 7 . 8%) t h e  
distr ibut ion pattern,  respect ive ly fo l low t h e  seque nce : 
2 > 1 > 3 > 4  
3 > 4 > 1 > 2 
3 > 4 > 2 > 1 
I n  p lant  Pars ley  (Table 2 . 4 ) .  more o r  less si m i la r  observati on  on  t h e  
h u m id i t y ,  ( 78 . 4 -8 1  %) , d r y  w e i g h t  ( 2 . 3 -3 . 8%) and  w e t  we i g ht ( 1 2 . 3 -
1 7. 6%) .  The d ist ribut ion pattern , respect ive ly fo l low t he  seque nce : 
2 > 3 > 1 > 4 
4 > 2 > 1 > 3 
4 > 2 > 3 > 1 
These resu l ts suggest s im i la r  mode of  act ion  of  Ch lo ropyri fos  on  t h e  
hu midi ty percentages of  p lant  Tomato a n d  Parsley .  M o re o r  l ess s im i l a r  
m ode o f  act i on  o f  Ch lo ropyri fos on  t h e  d ry and we t  we igh t  was a l so  
ach ieved of  both Tomato and  Pars ley t issues u nt reated and  t reated wi th  
Ch loropyri fos for  d i f fere nt i nte rva ls 0- 1 20 h rs .  
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Table 2 .2 .  Total t race element of plant Tomato before and afte r  spraying with C h l oropyrifos in  water  (0 .04% w/v) .  
S. No. Type Percentage,  % Conce nt rat ion , ppm 
N K P N a  Fe Zn Mn 
1 Tomoto before spray 3 . 36 0 . 80 0 . 44 0 . 28 80 .0  1 2 . 0  5 5 . 0  
3 . 53 0 . 80 0 . 43 0 . 34  1 20 . 0  1 2 . 0  56 . 0  
Ave rage 3 . 45  0 . 80 0 . 43 0 . 3 1  1 00 . 0  1 2 . 0  5 5 . 5  
2 Tomato afte r  spray 24 h rs .  3 . 1 9  0 . 82 0 . 45 0 . 33 1 00 . 0  1 1 . 0 70 .0  
3 . 1 2 0 . 90 0 . 48 0 . 38 1 20 . 0  1 2 . 0  52 . 0  
Ave rage 3 . 1 6 0 . 86 0 . 46 0 . 36 1 1 0 . 0  1 1 . 50 6 1 . 0  
3 Tomato afte r  spray 72 h rs .  3 . 25  0 . 86 0 . 44 0 . 29 80 .0  1 2 . 0  45 .0  
3 . 1 9 0 . 88 0 . 46 0 . 29 80 .0  1 2 . 0  45 .0  
Ave rage  3 .22  0 . 87 0 . 45  0 . 29  80 .0  1 2 . 0  4 5 . 0  
4 Tomato afte r  spray 1 20 h rs .  3 . 36 0 . 75 0 . 46 0 . 33 50 .0  1 1 . 0 4 0 . 0  
3 . 36 0 .75 0 . 46 0 . 30 6 0 . 0  1 3 . 0  40 .0  
Ave rag e 3 . 36 0 . 75 0 . 46  0 . 32 5 5 . 0  1 2 . 0  40 .0  
----- - --
C u  
42 .0  
40 .0  
4 1 . 0  
26 .0  
26 .0  
26 .0  
30 .0  
30 .0  
30 .0  
1 6 . 0  
1 6 . 0  
1 6 . 0  
co � 
Table 2 .3 .  Total t race element of p lant Parsley before and after  sprayi ng wi th Ch lo ropyri fos i n  wate r  (0 .04% w/v) .  
S. No. Type Percentage, % Concent rat ion ,  ppm 
N K P N a  Fe Zn M n  C u  
1 Parsley before spray 3 . 08 1 . 80 0 . 39 1 . 50 70 .0  30 .0  30 .0  8 .0  
3 .08  2 . 00 0 . 40 1 . 50 75 .0  3 1 . 0  3 2 . 0  6 .0  
Ave rage 3 . 08 1 . 90 0 .39 1 . 50 7 2 . 5  30 . 5  3 1 . 0  7.0 
2 Parsley after spray 24 h rs.  3 . 64 1 . 90 0 . 40 1 . 47 6 0 . 0  30 .0  3 5 . 0  8 .0  
3 . 70 2 .04  0 .45  1 . 48 80 .0  3 5 . 0  3 2 . 0  6 .0  
Ave rage 3 . 67 1 . 97 0 .43  1 . 48 70 . 0  3 2 . 5  3 3 . 5  7.0 
0) 
<D 
3 Parsley afte r  spray 72 h rs .  3 . 8 1  2 . 60 0 . 4 1  0 . 9 0  6 0 . 0  33 .0  35 .0  8 .0  
3 . 8 1  2 . 60 0 .45  0 . 9 5  60 . 0  35 .0  3 5 . 0  8.0 
Ave rage 3 . 8 1  2 . 6  0 .43 0 . 9 2  6 0 . 0  3 4 . 0  3 5 . 0  8 .0  
4 Parsley afte r  spray 1 20 h rs .  3 . 75  2 . 52 0 . 50 1 .0 5  70 .0 . 33 .0  35 .0  8 .0  
3 .75  2 . 52 0 . 50 1 . 0 5  6 0 . 0  3 5 . 0  3 5 . 0  8 .0 I 
Ave rage 3 . 7 5  3 5 . 0  8.0 
i 
2 . 52 0 . 50 1 . 05 65 .0  34 . 0  
Table 2 . 4 .  H u midi ty ,  % a n d  we ight  (g )  calcu lat ion o f  p lant Tomato befo re a n d  afte r  
sprayi ng  w i th  Ch lo ropyri fos i n  wate r  (0 .04%).  
S . No .  Sample  Name Wet Wt. Dry Wt . H u midi ty ,  % 
1 Tomato before spray 1 2 . 08 2 . 26 8 1 . 2  
1 1 . 47 1 . 99 8 2 . 6  
Average 1 1 . 78 2 . 1 3  8 1 . 9 
2 .  Tomato afte r  24  h rs. spray 1 6 . 35 2 . 40 85 .3  
1 3 . 2 7  1 . 75 86. 8 
Average 1 4 . 8 1  2 . 0 8  86 . 1 
3 .  Tomato afte r  7 2  h rs.  spray 2 1 . 73 6 . 66 79 .8  
1 3 . 83 8 . 39 8 2 . 2  
Ave rage 1 7 . 78 7 . 53 8 1 . 0 
4 Toamto after  1 20 h rs .  spray 1 9 . 4 5  4 . 39 78 .5  
1 5 . 68 2 . 46 78 .3  
Average 1 7 . 57 3 . 43 78 . 4 
[70J 
Table 2 . 5 . H u mid i ty ,  % and weig ht (g )  calcu lat ions of  p lant  Pars ley before and 
afte r  sprayi ng wi th Ch lo ropyrifos i n  water  (0 . 04%) .  
S . No .  Sample Name Wet Wt . Dry Wt . H u midi ty ,  % 
1 Pars ley before spray 9 . 96 2 . 22 77 .7  
1 4 . 62 2 . 8 7  80. 4  
Ave rage 1 2 . 29  2 . 55 79 .0  
2 .  Pars ley afte r  24 h rs.  spray 1 8 . 66 3 . 57 80 . 9 
1 2 . 55 2 . 36 8 1 . 2  
Ave rage 1 5 . 6 1  2 . 97 8 1 . 0 
3 .  Pars ley  afte r  72 h rs .  spray 1 5 .62  1 . 87 8 0 . 4  
1 4 . 02 2 . 86 79 . 6 
Average 1 4 . 32 2 . 3 4  7 9 . 9  
4 Parsley  afte r  1 20 h rs.  spray 1 9 . 4 5  4 . 1 9  78 .5  
1 5 . 68 3 . 4 1  78 .25  
Average 1 7 . 57 3 . 80 78. 4 
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3 . 1 . I N T R O D U C T I O N  
Bismuth  is  present i n  sea water, mari ne  an i mals ,  and l and p lants i n  
ve ry low amou nts .  Even  sma l l e r  amounts a re fo und  i n  land an i ma ls ,  
p robably as a resul t  o f  the  l i m i ted gast ro i ntest i na l  abso rpt io n .  Two forms 
o f  tox ic i ty  due to  b is m u t h  h ave been descr ibed in m a n : pare nt e ra l  
ad m in i st rat i on  of  various bis muth  contai n i ng co m pounds has res u l ted in  
a n  "epi t he l i a l -cutaneous"  form o f  tox ic i ty ,  w h e reas o ral  i ng e st i o n  o n  
b ismuth subga l late and b ismuth subn i t rate has led to  a "ne u rotox ici ty" i n  
s o m e  p at i e n ts  w i t h t h e  d ev e l o p m e n t  o f  a rev e rs i b l e  m etabo l i c  
e nce phalopathy ( E m merl i ng  e t  a/. , 1 986) .  
I n  v iew of  t he  si g n i f icant  prod uct ion  a n d  widespread use o f  b ismuth  
and its  compo u nds ,  some m ust en te r  t he  env i ronmen t  and food cha ins .  
B i smu th  i s  not  detectab le  i n  ra i n  wat e r, so i l  so lu t io ns  o r  r ive r wat e rs .  
H owever ,  i t  i s  detectab le i n  sea wate r  but i n  low concent rat i on .  Sma l l  
a m o u nt s  o f  b i s m u t h  are  e x c re ted  in  t he u ri n e ,  i n d icat i n g  s o m e  
gast ro i ntest i na l  absorpt i on ,  wi th sma l l  amou nts a lso bei ng detectable i n  
b lood ( B ru land ,  1 983) .  The amounts o f  b ismuth obse rved i n  var ious l i fe  
fo rms are co ns idered to be wi thout  harmfu l  effect .  Howeve r ,  i n  man  qu i te  
co ns iderab le  accu m u l at i o n s  o f  b ismuth  can d eve l o p  u n d e r  speci f ic  
c i rcumstances , and t hese have res u l ted i n  two d ist i nct forms o f  to x ic i ty 
( B ru land , 1 983) .  
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Seve ral methods have been re ported for  t h e  ana lys is  of  bis muth  
such as mu l t i - e l emen t  p reconcen t rat i on  o f  so i l  and sed i m e nt ,  anod ic  
s t ri p p i n g  vo l t am m e t ry ,  ra p id  c h e l a t o m e t r i c  de te rm i na t i o n ,  a tom ic  
absorpt i o n  s pect romet ry w i t h  hydr ide g e n e rat i o n  and e l ectrot h e rma l  
a t o m i c  a b s o r pt i o n  s pe ct ro m e t ry a ft e r  l i q u i d - l i q u i d  e x t ract i o n .  
Spect rophot o m et ri c  me thods i nvo lv i n g  fo rmat i o n  o f  b i smu t h ( I I I ) w i th  
m uc ic ac id ,  d i t h i zo n e ,  x y l e n o l  o ra n g e  and  t e t ra - n - b u t y l a m m o n i u m  
t e t ra i o d o b i s m u t h a t e (  I I I ) have been a lso re p o rted ( E I - S h ahawi  and 
Kamal , 1 995) .  However ,  most of  t hese methods are  expens ive ,  requ i red 
preco ncentrat ion  of  b ismuth and are very labor ious and not p ract icable i n  
rout i n e  anal ys is  o f  b ismuth ( E I - S hahawi and A ldhaher i , 1 995 ) .  
Spot test an alysis is  p rese nt ly the  method o f  h i ghest pote nt ia l  val u e  
fo r  t he  rapid a n d  sens i t ive ide nt i f icat i on  o f  t h e  g reat major i ty  o f  an ions  
and cat i ons ( Fe ig l  and Anger , 1 9 72 ) and a lso many  o rgan ic  mater ia ls  
(Fe ig l ,  1 956 ) .  The most usefu l  k ind of  spot  test ,  co ns ists in  b ri n g i n g  a 
d ro p  of  t h e  test so lu t ion  together  wi th a drop of  t he  appro pri ate  reagent  
so lu t ion on a su i tab le  su bst rate such as micro test t ube ,  spot p lat e  o r  
f i l ter  pape r. 
Two i mpo rtant developments are made to t h e  qua l i tat ive analys is of 
i no rgan ic  su bstances : t he  r ing-oven tech n ique and t h e  res i n -spot t ests 
(Weisz , 1 970) .  In the ri ng -oven method, the substances to be detected o r  
det e rm i n ed a re co nce n t rated i n  t he  form of  sharp ,  we l l  de fi ned zo nes .  
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This is carried out by p laci ng a drop of  the  test so lut ion (as low as 1 mm3) 
o n  aro u n d  f i l t e r  pape r wh ich  i s  p laced o n  t h e  ri n g-oven  and t h e  
components are washed i nto t h e  r ing zone wi th a su i tab le so lvent .  
Resi n -spot tests ca n be cons ide red as specia l  ki nd o f  spot react ion  
i n  wh ich  t races o f  i ons  to be detected a re conce n t rated f i rst o n  t he  
ex te rna l  s u rfaces o f  few i o n - exchange  bands  (We isz ,  1 970) .  The  
adso rbed ions are t hen  al lowed to react w i t h  t he  appropriate reag e nts ,  
u nde r su i tab le  exper imenta l  co ndi t i ons ,  to  p roduce col o u red p roducts 
which can be obse rved in the smal l  space of  t he  resi n su riace.  
The appl icat ion  o f  po lyuret hane  foam loaded wi th wat er- i nso l ub le  
reagents ,  wh ich y ie ld co lou red react ion products, were fou nd to be very 
att ract ive for rais i ng the  sensi t iv i ty of  spot tests ( Brau n  and Farag , 1 975a) .  
These tests we re p roved to  be more sens i t ive than  normal  spo t  test o n  
s pot p lat e ,  paper i m p reg nated wit h t h e  su i tab le  reagent  and resi n -spot 
test ( Fa rag et  al. , 1 98 1 ) .  Good se lect iv i t i es we re i l l u st rated by t h e  
detect ion  o f  C obal t ( l l )  i ons  i n  t he  presence o f  re lat ive l y  h i gh  excess o f  
dive rse  e lements ( B raun  a n d  Farag , 1 975b) .  
P o l y u re t h a n e  f o a m  l o aded  w i t h  b i acety l m o n o o x i me b e n z o y l ­
h yd razone ,  d i t h i zone a n d  lead d iethy ld i th iocarbamate , have bee n  u sed  
fo r  q u a l i t a t i ve  a n d  s e m iq u a n t i t at i v e  d e t e r m i n at i o n  o f  coba l t ( I I ) ,  
c h r o m i u m ( V r ) , i ro n ( I I I ) , and n i cke l ( l I )  i n  aq u e o u s  s o l u t i o n  u s i n g  
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po lyurethane foams loaded wit h Amberl i te  LA- 1 , 1 , 5 -d ipheny l  carbaz ide,  
t r i capry / y l  a m i n e  and d i me thy l g l yox i m e ,  respect i ve l y .  F u rt h e rmore ,  
se miquant i tat ive determ i nat i on  of  these meta l  i ons  were successfu l l y  
carr ied o u t  i n  both stat ic a n d  dynamic exper iments ( Brau n  e t  al. , 1 985) .  
T h e  appl icat i on  o f  p last ic ized and u n p l ast ic ized 1 - (2 -py ridy lazo-2-
napht ho l )  (PAN) po lyu rethane foams was stud ied in  batch and col u m n  
test  f o r  l ow detect ion l i m i t  o f  metal  i ons  and t h e  resu l ts  showed bett e r  
pe rformance fo r  the  plast icized reagent  foam t han t h e  u n pl ast icized one . 
The  se ns i t iv i ty  of  t he  ch ro mofoam was shown to be much bett e r  t h a n  
normal  spot t est on  spot p late ,  pape r impreg nated w i t h  reagent a n d  resi n 
s pot test ( F ieg l  and Anger, 1 972 ) .  Semiquant i tat i ve analys is  is  carr ied 
out e i t he r  by co m pa ri n g  the co lou red of  the end p roduct with co l o u r 
sca les i n  batch operat ion  by measur i ng  co lou red zones o n  t he packed 
co l u m n  aft e r  percol at ing the test so lu t ion  ( B raun  and Farag , 1 974c ) .  I n  
the  batch method the  dens i ty o f  t h e  colou r  o n  the  foam cube was foUnd to 
be dependent on  the concent rat ion  of  the metal  in the sol ut i on .  
Fa rag e t  aI, 1 986 ,  1 987 ,  1 989 and 1 992 have  app l i ed many  
reagent - loaded polyu rethane foam fo r t he  detect ion  and semiquant i tat ive 
dete rm ina t ion  o f  l ead ( 1 I )  in  u ri n e ,  co pper ( l I )  i n  raw and con taminated 
r ive r wat e r, pal iad i u m ( I I ) ,  cad m i u m ( I I ) , s i l ver ( I ) , b i smuth ( I I l ) , z i nc( I I ) ,  
coba l t ( l I )  and mercury ( I I ) . Resu lts  we re successfu l  and demo nstrated 
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t hat t h e  detect ion l im i t  o f  t hese metals were much bet ter  compared wi th 
usual spot test  method ( Fe ig l  and Anger, 1 972) .  
Th is  chapte r wo rk was carr ied out  i n  an attempt to  u se the  loaded 
a n d  u n l oaded p o l y u re t h a n e  foam w i t h  d i t h i z o n e  a n d  1 , 5 - d i ( 2 -
f l u o ro p h e n y l ) - 3 - m e rcaptofo rmazan for  t h e  detect i o n  a n d  sem iquan t i ­
tat ive dete rm inat ion  of  b ismuth ( l I l )  i n  water  us ing  batch , dynamic  and  
pu lsati ng colu m n  tech n iques .  The ef fect of  fo re ig n ions o n  t he  detect io n 
l i m i ts o f  b ismuth ( 1  I I ) was a lso i nvest igated. The pro posed methods a re 
based o n  t h e  format i o n  o f  co lou red che lates w i t h  b i smu th ( 1 [  I )  and  
subseque nt preconce nt rat ion  of  t he  produced che lates o n  t he  pol yeth e r  
based po lyu rethane foam.  
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3 . 2 .  E X P E R I M E N TA L 
3 . 2 . 1 .  Appa r a t u s : 
A S h i m adzu UV-2 1 0 1  PC U V-v is ib l e sca n n i ng spectrophotomet e r  
wi th 1 0  m m  quartz  ce l ls  and a Sh irnadzu FT I R - 8 1  0 1  Four ie r  Transform 
I n f ra red Spect rophotometer  we re used for reco rdi ng  the e lectro n ic  and 
v i b rat iona l  spect ra o f  the reagents and t h e i r  b ismut h ( I I I ) co m p l e xes .  
Ph i l i ps d ig i tal  p H-meter  ( Model  94 1 8 ) w i t h  g lass and  Satu rated Ca lome l  
E lectrodes was u sed fo r  the  pH measurement .  G lass col u m ns (5  m m  
d iameter  and 1 60 m m  h eigh t )  and pu lsat i ng col u m n  ( m edical  syri nges ,  
1 0 0 cm 3 capaci t y )  we re a lso used in  dynamic  and  p u l s at i ng f l ow 
t ec h n iques .  
3 .2 .2. Reage n t s  a n d  Mater i a l s :  
A l l  re age nts  used  w e re o f  a n a l yt ica l  reag e n t  g rade , except 
o t h e rwise m e nt i o n ed . S O H  d i t h i zone  ( H 2 0 Z )  a nd t ri - n - bu ty lp hosphat e  
(TSP)  were u sed w i t h o u t  f u rt h e r  p u ri f icat i o n .  P o l y u re thane  foa m ,  a 
p o l y e t h e r  o f  o p e n - c e l l  t y pe  was s u p p l i e d  by  G re i n e r ,  K . G .  
Schaumstoffwerk -Kremsmu nster ,  Aust ria .  The  bu l k  dens i ty  of  t he  foam 
mat e rial was 30 kg m-3 . The  foam (cubes of  5 mm edge)  was washed 
wit h 1 M hydroch lo ric ac id fo l l owed by d ist i l ed  wate r  u nt i l  the wash i ngs 
(wat e r) were f ree f ro m  ch lo ride ion .  The foam mater ia l  was t h e n  wash ed 
wi th acetone  and dr ied at 80 DC .  Stock so lu t ion co nta i n i ng  1 mg cm-3 of 
b i s m  u t h  ( I I I ) was prepared by d i sso lv i ng S i  ( N 03 b .  9 H 20 ( S O H )  i n  
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d i o n i ze d  wat e r  ac id i f i e d  w i t h  few drops o f  O . 5 M  n i t r i c  ac id a n d  
s tandard ized b y  E DTA t i t rat i ons .  A series  o f  s tandard b i smut h ( I I  I )  
so lu t ions was p repared by d i l u t i ng  the  stock so lu t ion wi th  water  acidi f ied 
wi th few drops o f  O . 5 M  n i t ric ac id .  For the p u rpose o f  study ing  t h e  
i n f l u e n ce o f  var ious cat ions  and  an ions  o n  t he  detect i o n  o f  1 J.l g  o f  
b i s m u t h  ( I I  I )  stock so l ut i ons  o f  vari ous metal  i ons  were prepared f ro m  
the i r  n i t rates,  ch lorides ,  su lphates and bromides,  s o  as t o  co nta in  1 0  mg . 
c m - 3 . Stock so l u t i on  o f  an i ons  were p repared f ro m  t h e i r  a l ka l i o r  
ammon ium salts . 
3 . 2 . 3 .  Syn t h e s i s  o f  t h e  R e age n t  1 ,5 - d i ( 2 - f l u o r oph e nyl)-3-
m e r c apt o f o r m a za n :  
1 , 5-d i (2 - f l uo ropheny l ) -me rcapto formazan ( F2H2Dz )  p repared by t he  
n i t roformazyl met hod ( Kiwan and  Kass im ,  1 977) .  The  n i t roformazan was 
recrys ta l i zed fro m e t hano l  and  converted to 1 , 5 -d i ( 2 - f l u o ro p h e n y l ) ­
m e rcaptoformazan by t he  norma l  procedure and was fi na l l y  pu ri f i ed by 
d i sso l u t i o n  in  c h l o ro fo rm ,  e x t ract i o n  w i t h  d i l u t e  (2% w/v ) sod i u m  
h ydrox ide so lu t i on  and f i nal l y  pouri n g  t he  ex t ract i nto O . 5 M  s u l ph u ric  
acid .  The sol id  reag en t  was was h ed wit h e thano l ,  dr ied , d isso lved i n  
ch lo rofo rm , p rec ip i tate w i th  cyc lohexane and t h e n  d ri ed i n  vacuo .  The 
reagent  and i t s  b ismuth ( I I I ) com plexes were characteri zed on  t he  basis 
o f  t he i r  e lectro n ic spectra, characterist ic I R f requ e ncies and e leme ntal  
anal ys is .  
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3 .2 .4 .  Reage nt  Foam Preparat i o n : 
The d i t h izone  (Merck)  and t h e  r6agen t  1 , 5 -d i (2 - f l u o ro p h e n y l ) -3 -
mercaptofo rmazan so lu t ions were prepared by d issolvi ng 1 !)  11 19 o f  each 
reagent  in 50 m l  ch loroform. The F2H2Dz and H2Dz- foam wa: rRr.;ared 
by m i x i n g  t h e  d r ied foam cubes wi th  F2 H 2 Dz- and  H 2 D z  s o l ut i o ns 
( 1 0  m l  g - 1 dry foam ) ,  respect ive ly wit h ef f ic ien t  s t i rri ng  for  1 0  m i n .  The  
reag e nt - loaded foam was t h e n  squeezed and d ri ed as  re poned ( B raun  
and Farag , 1 975 ) .  The  p last ic ized F2 H 2 D z- and H 2 D z - f o e m  was 
prepared by mix ing the d ried foam cubes with the reag en t  i n  T B P (0 . 1 % 
w/v) ,  respect ive ly w i th  ef f ici ent  st i r ri n g  for  1 5  m i n  and dr ied as reported 
( Brau n and Farag , 1 975c ) .  
3 .2.5 .  C o l u m n  Prepa rat i o n  f o r  Dyn a m i c  E xpe r i me n t s : 
C o l u m n  p reparat i o n  i s  of  cap i ta l  i m portance i n  a l l  t ypes  o f  
ch romatog raph ic techn iques .  Vacuu m  m ethod fo r  foam col u m n  pack ing  
h as bee n deve loped by Bra u n ,  et al. , 1 985 and was e mp loYEd i n  t h e  
prese nt  work. In th is met hod ,  about 0 . 2  g l oaded or u n loaded t )am with 
the chro mogen ic  reag e nts ,  H 2 Dz o r  F2 H 2 Dz were packed in the co lu m n  
apply i ng gent le  pressure wi th a g lass rod (F ig .  3 . 1 ) . T o  avoid a i r  bubbles 
du ri n g  packi ng ,  tap ( 1 ) was co n n ected to a suct io n pump ,  whdB tap (2 )  
was closed after  about 5 m in  o f  evacuat ion ,  dist i l l ed water  was a! lot,; cd to 
f i l l  the co l u m n  g radua l ly  t h rough  t he f u n ne l  (2 ) .  
3.2.6 .  G e n e r a l  P r o c ed u re s : 
3 . 2 . 6 . 1 . B a t c h  e x  pe r i  m e n t s :  O n e  reClgen t - l oaded o r  p ! C:1 :>t i c i zed 
reag e nt TBP foam cube is  shaken  w i th  3 -5  m l  of  the  b ism 'J : n ( I I I ) i n  
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S u c t i o n  
F ig . 3 . 1 .  Foam colu m n  i n  packi ng step .  
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aqueous so lu t ion  (pH < 5 .2 )  for 5 m i n .  A colou r  change of  the  reagent  
foam from g reen  to o range-brown and o range wi th H2Dz and F2 H 2 D z ,  
respect ive l y  was observed.  F o r  t h e  sem iquant itat ive det e rm i n at ion  o f  
b i s m u t h ( I l I ) ,  a standard co lou r scale was prepa red wit h a se ri es o f  
standard so lu t ions o f  d i fferent co ncentrat ions o f  b ismut h ( I I I ) .  
3 . 2 . 6 . 2 . C o l u m n  f l o w e x pe r i m e n t s : A 0 . 2  g ra m  o f  t h e  reage n t  
loaded o r  plast ic ized reagent T B P  foams was packed i n  a g l ass co l u m n  
by t h e  vac u u m  me thod o f  foam co l u m n  pack i n g .  250  m l  o f  t h e  
b i s m u t h  ( I  I I )  s o l u t i o n  a t  t h e  o pt i m u m  p H  o f  b is m u t h ( J I J ) - H D z o r  
b is m ut h ( 1 1 I ) -F2H Dz comp lex  format ion  were al lowed to pass t h rough  t he 
foam co l u m n  at 2 -3  m l  m i n - 1 f l ow rate .  Fo r  t h e  sem iqu ant i ta t ive  
dete rm inat ion  of  b ismuth (  I I I )  the leng th  of  the  co lou red zone o f  the  foam 
bed is then co mpared with those of  the standard ser ies. 
3 . 2 . 6 . 3 .  P u l s a t i ng c o l u m n  e xpe r i me n t s : I n to  a 1 00 m l  m edi cal 
syri nge t ransfer  50 ml of  t he  test b ismut h ( I I I ) so lu t ion at t h e  su itab le  p H .  
T h e  so lu t ion  was t h e n  co mpressed a n d  re leased wi th  o n e  c u b e  foam 
loaded wi th  F2 H 2 Dz or  p last ic ized F2 H 2 Dz-T B P - foam . The  co l o u r 
change o f  t he  foam cube was o bseNed aft e r  25 successive pu lses .  For  
the sem iquant i ta t i ve  det e rm i na t ion  o f  b i smu t h ( I I I ) ,  the so lu t i o n  was 
co m pared w i t h  a s tandard co lo u r  sca le  prepared f ro m  a s e ri e s  o f  
s tandard b ismut h ( ' " )  so lu t ion and t he  reagent F2H 2Dz o r  H 2 Dz l oaded 
foam cube at the same nu mber of pu lses .  
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3 . 3 .  R E S U LT S  A N D  D I S C U S S I O N  
T h e  m ost com m o n  repo rted spect rophotomet ri c  p rocedu res  for  
b i s m u t h ( I I ) )  de term i n at ion i nvo lve che la t ion  wit h m uc ic  acid ,  xy leno l  
o ra n g e ,  C y a n e x  3 0 1 ,  a n d  fo r m at i o n  o f  t h e  i o n - as s o c i a t e  
te t ramethy lammon iu mbismut hate (E I -Shahawi a n d  A ldhaheri ,  1 995 ; and 
A rg e kar  and  Shet ty ,  1 9 9 5 ) .  H owever ,  m ost o f  t h ese me thods a re 
expe nsive,  not pract ical i n  rout i ne  an alys is ,  su ffer from lack o f  se lect iv i ty 
detect ion l im i t  and requ i re a laborious e n richment  step e . g .  p recipi tat io n ,  
f loatat ion etc. 
In recent years co ns iderab le  i n te rest is  focused cu rren t l y  o n  t h e  
c h ro mofoam test  d u e  t o  i t s  se ns i t i v i t y  and  si m p l i c i t y .  O p e n  c e l l  
po l yu re thane fo am ( P u F )  have b e e n  successfu l l y  used i n  t he reten t ion  
and co l l ectio n  o f  vari ous  s peci es and o rgan ic  so lvents by swe l l i ng  ( E I ­
S hahawi et a/. , 1 994 and 1 995) .  Foams l oaded wi th  d i th izone and ot her  
o rgan ic  reage nts (chromofoams)  have been report ed fo r t he sensi t ive 
det ect i o n  and s e m i q u a n t i ta t i ve  det e r m i nat i o n  o f  s o m e  m eta l  i o n s  
i nc l ud i n g  b i smu t h ( l I l ) e mp loy i n g  batch and co l u m n  ex t ract ion  modes 
( Hamza et a/. , 1 990) .  
T h i s  t ec h n ique s imp ly  a l low t h e  load ing  of  t h e  foam mate ri al w i th  
various organ ic  reage nts d issolved i n  h ydrophobic o rgan ic so lvents .  Tri ­
n -bu ty lphosphate (TBP)  wh ich  i s  e mp loyed i n  t he  p resent  work as  a 
stat ionary phase acts as a pl ast ic izer to the  foam mate rial ( B rau n et a/. , 
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1 985) .  I t  i s  wel l  known that the  d i f fus ion o f  i ons t h rough  t he  so ca l led 
"solvent membrane" is genera l ly  enhanced by the presence o f  p lasticizer  
( E I -S h a h awi .  1 994 ) .  A lso t he  app l icat i on  of  p last i c i ze r  in  prepari n g  
reag e nt foams was fou nd to i m prove t h e  ext ract ion  o f  meta l  ions on  t h e  
reagent  foams (Farag and E I - Nemma. 1 992) .  
B is  m u t  h ( I  I I )  fo rms an  orang e - red and o range -b rown co lou red 
co m p l e x e s  wi th 1 . 5 -d i - ( 2 - f l u o ro p h e n y l ) - 3 - m e rcapto fo rmaz a n .  I and 
d i t h i zone  I I  in  acid ic aqueous  so lu t ion  (pH < 5 . 2 ) ,  res pect ive l y .  The  
s t ruct u re o f  t he  tes ted  c h e l at i n g  agen t  i s  g iven  i n  F ig .  3 . 2 .  T h e  
p re d o m i n a n t  e q u i l i b r i u m  i n  d i l u t e  aq u e o u s  s o l u t i o n  b et w e e n  
b is m ut h ( I I I )  and t h e  tested che lati ng age nts p roceeds as fo l lows : 
(3 . 1 ) - - - - - -
B i (H Dzb + 3 H + (3 .2 )  
T h e  compl e x es fo rmed a re readi l y  ex t racted by  n o n - po l a r  o rgan ic  
solvents wi thout  change i n  co lou r  ( E I - S hahawi and  AI - M e h rez i ,  1 995) .  
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S=C 
.... I I. S · c 
1 , 5 - d l - ( 2 - l I u o r o p h e l l y l ) - 3 - m e r c a p l o l o r m a z a n  ( F 2 H 2 D z )  
/ N I I - N I i-g / N I I - N I I -(O) - I I S - C  
N=N -<Q) 
l , 5 - d  I - ( p  l 1 e  n y  1 ) · 3 - l l I e  r c a p l o l o r l l l a z a n  ( 1 1 2 0  z )  
Fig . 3 .2 .  Structu re of t he  tested che lat ing  age nts. 
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Table 3 . 1 s u m marizes the  I . R . data fo r t he  reg ions of  i n te rest i n  t he 
I . R . spect ra o f  t h e  so l i d  reage nts H 2 Dz and F2 H 2 Dz and t h e i r  so l i d  
co mp le xes wi th  b ismuth ( I I I ) . The  e l ect ro n ic abso rpti o n  spect ra o f  t he  
reagents and t he i r  b ismuth ( l I l )  co mplexes i n  d ich lo ro methane are a lso 
g iven i n  Table 3 . 1 .  Represe ntative I . R .  and e l ectron ic spect ra a re shown 
in  F igs .  3 . 3-3 .5 .  The e lectron ic  spect ra of  the b ismuth ( l I l ) co m pl e xes 
h ave we l l  de f i ned band at  490-498 nm and a b road s h o u lde r o f  l ow 
i ntensi ty .  The in t roduct ion of f luori n e  atoms i nto the  o rtho  posit ions o f  t he  
pheny l  n ucle i  of  d i th izone l eads to  sma l l  bat hoc h ro m ic sh i fts i n  both i ts 
bands ,  v iz . ,  632 and 454 nm vs 620 and 450 n m ,  respect i ve ly  fo r 
d i th i zone .  The posit ion  o f  the  Ama x fo r the  bismuth  complex  of  F2 H 2 D z  
u n de rwen t  s i m i l a r s h i fts  (Tab l e  3 . 1 )  a s  compared t o  b i s m u t h ( l I l )  
com plex  o f  H2Dz .  The sh i fts do not fol low the  general  statement that " the 
i nt roduct i o n  of  a radical i n to t he  o rt ho posi t i ons  o f  the p h e n yl r i ngs o f  
d i th izone causes practical ly  no  sh i f t o r  a sh if t  to a sho rt e r  wave leng th " .  
The re lat ive mo la r  abso rpt iv i t ies of  the  two absorpt io n bands o f  F2H2Dz  
and  i t s  bis m uth ( l l l )  complex were s im i l ar ly affected by t he  i n t roduct ion  
of  f l u o ri ne  atoms co mpared to H 2 Dz and i t s  bi smuth ( l l l ) comp lex  (Table 
3 . 1 ) . T h e  reagen ts  H 2 D z  and F2 H 2 Dz fo rm 1 :3 co m p l e x e s  w i t h 
b ismut h ( I I I }  as prev ious ly  reported (K iwan and Kassi m ,  1 977) . 
I n  t h e  I . R .  s pectra o f  t he  reage nts H 2 Dz and F2 H 2 Dz a b road 
absorpt i on  band at 3360-3460 (b r . )  cm- 1 was observed and ass ig n ed to 
the s t retch i ng  freque ncy of a strong ly  hydrogen bonded NH g roup .  Th is  
[85] 
Table 3 . 1 . Characte rist ic absorption L R. (cm-1 ) and e lect ron ic (nm)  spectral data for  t he  reagents F2H2 Dz and H2Dz 
and thei r bismuth ( I I I ) chelates in KBr discs· . 
Co mpound 
u (N-H) 8(N-N H )+(C=N) u(N-C-S) "-max (nm)  E ( x 1 03 mol- 1 cm- 1 ) 
F2H2Dz 3360 (br) 1 5 1 0  (s )  1 485 (s) 6 3 2  2 5 . 3  
1 450 (s) 4 5 4  2 3 . 7  
H2Dz 2460 (br) 1 5 1 5  (s )  1 505 (s) 6 1 5 3 5 . 8  
1 465 (s) 6 54 1 7 . 9  
B i (F2HDzb 3440 (m)  1 535 (s)  1 485 (s) 497  9 1 . 4  
3245 (m)  1 460 (s) 
3090 (br) 1 440 (m) 
B i (HDzb 3420 (m)  1 530 (s )  1 490 (s) 4 9 5  8 0  
3 1 90 (m)  1 480 (sh )  
3060 (m)  
I 
_ . - - _._- --
.. S = strong ; m = medium ; w = weak ; sh = shoulder and br  = broad. 
CD 
� 
Wave n u mber, cm- 1 
Fig .  3 .3 .  I nf rared spect ru m of 1 , S-d i - (2-fl uorophenyl ) -3-mercaptoformazan ( F2H2Dz) in  potassium bromide desk. 
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Fig .  3 .5 .  E l ectro n ic  spect ra o f  F 2 H 2 Dz ( 1 ) , H 2 D z  ( 2 ) ,  B i ( F2 H D z ) 3  (3 )  and 
B i ( H D z b  (4 )  i n  dich l o ro m e t h a n e .  
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band i s  s h i f ted to la rge r  wave nu mber  3240-3460 cm - 1  on  coo rd i nat i o n  
wi th b ismut h ( I I I )  i ndicat i ng a re markable l oss of  hyd roge n  bond ing and 
suggest i n g t h at n i t rog e n  at o m  i s  not  i nvo lved in  meta l  coo rd i n at i o n  
( Kiwan and Kassi m ,  1 977) .  T h e  absorpt i on  f reque ncy sp l i ts  i n to two 
bands i n  the reg i o n  1 580- 1 655 cm - 1 coord i n at i o n  wi th b is m u t h ( l l I )  
i nd icat ing  coo rd inat ion of  azo g roup .  The two absorpt ion  bands found i n  
t h e  ran g e  1 440- 1 460 a n d  1 4 20- 1 520 cm - 1 i n  t h e  I . R . spectra o f  t h e  
re age n ts  a re ass i g n ed t o  N - C - S  v i b rat i o n  ( B e l l a m y ,  1 9 6 8 ) .  O n  
coord i nat ion  wit h b ismuth ( I r I )  t h e  fo rmer  band spl i ts i n  t h e  reg ion  1 430-
1 470 c m - 1 , whe reas t h e  l att e r  band s h i fts  to la rg e r  wavenu m be rs > 
1 530 cm- 1 . Th is  change i nd icates t he  part ici pat ion  of  t h e  N -C-S g ro u p  
probably t h rough  bo ndi ng o f  su lph u r  wi t h  b ismut h ( I I l ) . The  comple xes 
B i ( H Dz )3 and B i (F2 H D z )3 showed a weak absorpt i on  band i n  the reg ion  
7 1 5 -730 cm - 1 ass igned  to  t he  B i -S  and B i - N o f  t he  N -C - S  and N = N  
g roups ,  respect ive ly ( Be l lamy ,  1 968) .  
I n  p re l i m i nary exper ime nts  i t  was fo u nd t hat the  o ra n g e - red and 
o range-brown colo u red chel ates formed f ro m  the  react ion  o f  b ismut h ( l I l )  
w i th  d i th izone a n d  1 , 5-d i - (2 -f l uo ropheny l ) -3- mercaptofo rmazan i n  s l ig h t ly  
a c i d i c  m e d i a  have b e e n  s u cc e s s fu l l y  e x t rac t e d  o n  u n l o ad e d  
po l yu re thane foam.  T h u s  t h e  analyt ical  u t i l i t y  o f  t hese react ions  fo r  t h e  
detect ion  o f  b ismut h ( l I l )  i n  aqueous media emp loy ing  pol yu re thane foam 
was t ri ed .  I m mob i l i zed po l y u re thane  foam wit h H 2 Dz or  F2 H 2 Dz or  
p last ic ized w i th  t hese reagents i n  the  presence o f  t ri - n - buty l phosphate  as 
[90] 
a p last icize r  was found  su i tabl e for  t he sens i t ive and se lect ive detect io n 
o f  b i s m u t h  ( I  I I )  i n  aq ueous  s o l u t i o n  u s i n g  s tat ic  (bat c h ) ,  d y n a m ic 
(co l u m n )  and pu lsat i ng  col u m n  tech n iques. Ev ident ly  the quas ispherical 
m e m b rane  st ruct u re ,  t he  favourab le  hydrodynamic  and  ae rody n amic ,  
res i l i ence and mechanical  p ro perties o f  t he  polyu re thane foam fac i l i tate 
i ts  use in t h e  p reconce n t rat i o n  and co l l ect i on  o f  t races a m o u nts  o f  
b i smu th ( l l I )  o n  t h e s e  s u rfaces .  The  i m mob i l i zat i o n  o f  hydro p hob ic  
o rg a n ic e x t ract a n t s  e . g .  d i t h i z o n e  and 1 , 5 -d i ( 2 - f l u o ro p h e n y l ) - 3 -
m e rcap to fo r m az a n  o n  s o l i d  f o a m s  ( c h ro m o foams )  co m b i n e s  t h e  
advantages o f  l i qu id - l i qu id  and l i qu id -so l i d  ex t ract i o n  st e p  w h ich i s  
usua l l y  m uch m o re advantageous wit h respect to  p hase separati o n .  
A l so ,  t h e  poss ib i l i t y  o f  u s i n g  l oaded so l i ds i n  a m u l t is tag e co l u m n  
ex t ract i on  expe r i m e nts a l l ows t h e  iso lat i on  and co nce n t rat i o n  o f  t h e  
ana lyte  from the  mat rix y ie ld i ng a n  appropriate e n richment .  
3 . 3 . 1 .  Qual i tati ve an d  Sem iq ua ntitati ve D eter m i  natio n of  
B ismuth(" I) i n  Aqu e o u s  M e d ia U s i ng U n l oaded a n d  
Polyu ret h a n e  F o a m  I m m o b i l i z e d  a n d  P l a st i c i ze d  w i t h  1 , 5 -
D i(2-f l  u o  r o  phe nyl l- 3 - m e r c apt o f o  r m a z a  n :  
3 .3 . 1 . 1 . B a t c h  expe r i me n t s : On shak ing  o n e  cube o f  t h e  u n loaded 
foam wit h  3-5 cm3 of the test b ismuth so lut ion B i ( F2 H Dz)J  i n  a test tube at 
pH , 4 for  2-3 min i t  was poss ib le to detect b ismut h ( l l l )  at a co ncentrat ion  
as low as 0 .02  ppm . The co lo u r  o f  the  foam cube  changed f rom 
co lou r less  ( b l a n k )  to  o ra ng e - red . The s e n s i t i v i t y  o f  the  tes t  ca n 
s i g n i f ican t l y  be i m p roved by i m m o b i l i z i n g  t h e  foam cu bes w i t h  t h e  
[9 1 ] 
reag e nt F2 H 2 D z .  On  shaki ng one  cube of  the  reag ent  F2 H 2 D z - l oaded 
foam and p last ic ized F2 H 2 Dz -TBP foam wi th  2-3 cm3 o f  bis mu t h ( 1  I I )  
p rese nt at low co ncen t rat i on  i n  t he  aq ueous m edia as low as 0 . 0 1 and 
0 . 00 5  ppm were eas i l y  detected , res pect ive l y .  The  re la t i ve ly  h i g h 
avai l ab le  su rface area of  t he  foa m  cube acts as an eff i ci e nt col lector fo r  
b i smu th ( l I I )  p resent  i n  the aqueous so lu t ion  a t  l ow conce nt rat ion .  Th is ,  
toge ther  w i th  t he  ease o f  observ ing t h e  charact e rist i c  red  co l o u r  of  the  
react ion  p roduct on  the  th i n  me mbranes o f  t he  foa m  m at e ria l .  I n  t h e  
p last ic ized F2 H 2 Dz -T B P  foam the  co lo u r  was deve loped rapid ly  and  
l owe r detect ion  l im i t  was obtai ned .  The n o n -vo la t i le  t r ibu ty lphosphate 
p lay a dua l  pu rpose (E I -Shahawi , 1 994)  where it acts as an eff ic ient non ­
vo lat i l e  so lvent  for  t h e  reagent  F2  H 2 Dz as we l l  as p last ic iz e r  for  t h e  
p l ast ic  foam i tse l f .  Th is  cou ld  i ncrease t h e  permeab i l i t y  o f  t h e  foa m  
mat e ria l  wh ich wi l l  en hance t he  rate of  so rpt ion of  b ismuth ( I I I ) i o n s  f ro m  
t h e  aqu e o u s  so l u t i on  o r  t h e  p last ic ized reagen t  foa m .  O bv ious l y ,  a 
com pa riso n betwee n  t hese resu l ts  and t hose reported  us i ng  t h e  u su al 
spot test (Fe ig l  and Anger, 1 972) and that reported by H amza et aI. , 1 990 
e m ploy ing  d i t h i zone  l oaded foam shows t h at the  F 2 H 2 D z - l oaded foam 
met hod and p last ic ized F2H2Dz -TB P-foam are much more advantages.  
The p last ic ized F2 H 2 Dz-TBP loaded foams g av e  t h e  m ost s e n si t ive 
resu l ts .  
A f u rt h e r  att ract ive app l icat i o n  o f  the proposed foam t est  i s  i ts  
app l icat i o n  fo r  t h e  sem iquant i tat ive det e r m i n at i o n  o f  b i s m ut h ( l l I )  i n  
[92] 
acidic aqueous so lut ion (pH � 5) as t he  co lour  densi ty on  t h e  foam cube 
was found d i rect l y  propo rt ional  to the  concentrat ion  of  b ismut h ( I l I )  in  the 
aqueous so lu t i o n .  Thus , se miquant i tat ive dete rmi nat ion of  b ismuth ( I 1 I )  
was found poss ib le  by compariso n of  t he  col ou r  of  the  foam cubes wi th  
standards prepared f rom b ismuth ( l l l ) ions in  aqueous acidic so lu t ions at  
the  same exper ime ntal condi t i ons .  The fo l lowi ng co lou r scale  0 .05 ,  0 . 1 ,  
1 ,  5 and 1 0  ppm o f  b ismuth ( l l l ) was successfu l l y  e mp loyed us i ng  t h e  
i m mobi l i zed F2H2Dz- l oaded foam wh i le  t he co lou r  sca le 0 . 0 1 , 0 . 05 ,  0 . 1 ,  
1 ,  5 and 1 0  ppm was found  su i tab le  w i t h  1 , 5 -d i ( 2 - f l u o ro p h e ny l ) - 3 -
m e rcaptoformazan plast ic ized o n  t he  po lyu rethane foa m  i n  t h e  p resence 
o f  t ri - n -buty lphosphate as p last ic izer. 
3.3. 1 . 2 .  Co l u m n  f l o w  e xpe r i men t s :  T h e  proposed F2 H 2 D z - l oa d e d  
foam a n d  p last ic ized F 2 H 2Dz-TBP foam a re eas i l y  packed i n  co l u m ns 
h av i n g  good hyd rody nam ic p ropert i es .  The  foam beds w e re f o u nd 
s u i t a b l e  f o r  t h e  de tect i o n  a n d  s e m i q u a n t i t a t i ve  de te r m i n at i o n  o f  
b i s m u t h ( I I I )  p resent  i n  ex t reme l y  d i l u te  aq ueous  so l u t i on  a t  present  
reasonable f low rates .  Detecti on  a t  t he  ppb leve l i s  eas i l y  possi b le  by  
p e rco la t i n g  re lat i v e l y  l a rg e  v o l u mes  ( 0 . 1 - 3 d m 3 ) o f  the  aqu eous  
b i smut h ( I f I )  so l ut i on  t h rough  t he  reagent  foam col u m n  a t  a reasonab le  
f low rate 2-3 cm3/min  . .  
I n  t h is m u lt i stage col u m n  sorpt ion process , a series  o f  successive 
eq u i l i b rat i ons  between  t h e  b i smut h ( I I I )  ion in t h e  aqu e o u s  so l u t i on  
(mobi le  phase)  and  t he o rgan ic reag e nt F2H2Dz - on/i n t he  foam suppo rt 
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i s  g e n e ra l l y  cons ide red to have a cons iderabl e  advantage ove r l iqu id­
l i q u i d  or  l i q u id -so l id  e x t ract i o n  p rocesses .  The  co l l ect i o n  o f  l ow 
conce ntrat ions of metal ions from h igh  vo lu mes of  aqueous sol ut io n  u p  to 
t h e  obse rv a b l e  s e n s i t i v i t y  l i m i t  of t h e  co l o u r  react i o n  t h ro u g h  t h e  
proposed reagent foam col u m ns could b e  carr ied out .  
The i m mob i l ized and p last ic ized F2H 2Dz- e n hance t he  se nsi t iv i ty o f  
t h e  detect ion  l i m i t  of  metal  i ons  i n  ex t re me ly  d i l u te  so l ut io ns .  Th is  was 
achi eved by pass ing  1 d m3 of  the  test b ismuth ( l l I )  so lu t ion t h rough  foam 
col umns  packed wi th 0 . 2  g F2 H 2 Dz - loaded o r  p last ic ized F2 H 2 D z - T B P  
foam a t  reasonab le  f low rate (3 - 5 cm3 m i n - 1 ) .  A s  low a s  1 0  ppb o f  
b i smu th ( l I  I )  i n  aqueous so lu t ion was easi ly  detected .  
In  the p roposed foam co l u m n  met hods the l eng th  o f  the col o u red 
zone produced fro m the  reacti on  of  the co l l ected b ismuth ( I I I )  ions  and t he  
reage nt  F 2 H 2 Dz- o r  F2 H 2 D z - T B P  was  d i rect l y  p ro p o rt i o na l  to t h e  
b i s m u t h ( I I l )  i o n s  i n  t h e  aqueous  so l u t i o n .  T h u s  s e m i q u ant i ta t i ve  
dete rm i nat i o n  o f  b i smut h ( I I I )  at ex t re m e l y  d i l u te  so l u t i on  was f o u nd 
possib le .  Co l umns  packed wi th  0 . 2  g F2 H 2 Dz- o r  F2 H 2 Dz - T B P  we re 
u sed for  t h e  sem iqua nt i ta t ive  det e rm i na t ion  o f  b i smu t h ( I I I )  us i ng  a 
co lou r  sca le  cover ing t h e  co nce nt rat i on  range  1 to 50 ppb .  F i g u re 3 . 6  
shows t he standard co lou r scale on  t h e  F2 H 2 Dz- loaded f o a m  col u m ns .  
Th is  was ach ieved by measu r ing the  length  of  the  col o u red foam colo u r  
zone  on  t h e  co l umns  afte r  pe rcolat ing o f  t h e  test so lu t ions .  
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employi ng the  ch ro mogen ic reage nts F2 H2Dz ( 1 ) and H2Dz (2 ) .  
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The detect ion  o f  0 . 5  ppb b ismut h ( l I l )  i n  3 d m3 aqueous  acid ic 
so lut ion by the  p ro posed F2H2Dz- foam col u m n  was fou nd also possi b le  
by  pass i n g  the  aqueous  so l u t i o n  t h ro u g h  the  foam co l u m n  at a 
reasonable f low rate .  Therefore the  scope of  appl icat ion of  the  foam test 
can be extend to cover  the ppb level  range .  
3 . 3. 1 .3 .  P u l sa t i ng c o l u m n e xpe r i m e n t s : Mo reove r t h e  resi l i e n t  
p ropert ies  o f  t h e  open -ce l l  t ype po lyu re thane foam m e m b ranes  offe rs 
some special  separat ion  modes e . g .  pu lsated co l u m n  and f low p u lsated 
co l u m n  ope rat i o n  ( B ra u n  e t  al. , 1 98 5 ;  E I - S hahaw i  and A I - M e h re z i ,  
1 995) . T h u s  t he  p roposed F2H2Dz- loaded a n d  p last ic ized F2H2Dz-T B P  
foam cubes  we re u sed i n  a med ica l  sy ri ng e  (capaci t y  1 00 cm3 ) as a 
pu lsat i ng  col u m n  mode for  t h e  de tect i on  o f  b ismut h ( I 1 I )  at t h e  opt i m u m  
condi t ion o f  pH o f  t he  aqueous phase.  I t  was found that as low as 5 ppb 
(ng cm- 1 ) of  b ismut h ( l I l ) could be easi ly detected afte r 25 successive 
pu lse  wi th F2 H 2 Dz - l oaded and pl ast ic ized loaded foams. Also i t  was 
noted t hat on i nc reas ing  b i smut h ( l  I I )  conce n t rat i o n  in t h e  aq ueous  
p h ase  t h e  detect i o n  cou ld  be  ac h i eved a t  few n u m b e r  o f  p u lses .  
S e m iq u a n t i t a t i ve  d et e r m i n at i o n  o f  b i s m u t h i s  a lso  poss i b l e  by  
co mpariso n o f  t h e  col o u r  o f  the foam cube w i th  standards 5 ,  1 0 , 1 5 , 20  
a n d  2 5  � g  L - 1 b i s m u t h ( l l l )  s o l u t i o n  p re p a re d  u n d e r  t he  s a m e  
exper ime nta l  condi t ions and t h e  nu mber  o f  pu lses .  
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3 .3 . 1 .4 .  I n te rfere nce  s tudy: The reagen t  F 2 H 2 Dz- i s  no t  se lect ive 
and m a n y  metal  i o ns i nc lud i ng b ismut h ( l l l ) react wit h t h i s  che lat i ng  
ag e nt p roduci ng  d i ff e re n t  co l o u r  s pec ies i n  l i qu id - l i qu id  e x t ract i o n .  
Removal o f  such i nte rfe re nce on  t he  sensi t ive detect ion  of  b ismut h ( l l I ) 
i n  wate r  e mploy ing the F2H2Dz- loaded foam is considered to be of  p ri m e  
i m po rtance .  T h u s ,  t h e  p ract i ca l  use fu l n e ss o f  t h e  f o a m  t est was 
e xa m i n ed by t he  detecti o n  o f  1 /.1g of  b ismut h ( I I I ) in t h e  p rese nce of 
var ious i nterfe ri ng ions .  The se lect iv i ty of  t he  proposed F2H2 Dz- loaded 
foam o n  the detect ion  of  b ismut h ( I I I ) in  aqueous so lu t ion by batch mode 
of  ex t ract ion  in the p resence of  d ive rse ions was cr i t ica l l y  i nvest igated.  
The detect ion  of 1 /.1g of  bis m uth  in the presence o f  up to 1 0  m g  of  t he  
fo l lowi n g  i o n s :  U + ,  Ca2+ , Ba2 + , Mg2+ , 8 r2+ , A 13 + , N H; , N a+ K+ , C02 + , 
La3+ , Ga3+ , 804
2- , F- H P  
2- 8 
2 - 8 
2 - N - B - C I - V - W 2- 8 
2 -, 04 , 04 , 208 ' 03 , r ,  , 03 , 04 , 03 , 
B ro; , acetate ,  c i t rate ,  t a rt rate and asco rbate ,  was ach ieved easi l y .  The  
resu l ts  obtai ned a re summ arized i n  Tables 3 .2  and  3 .3 .  I n  the  presence 
o f  some ot h e r  ions which i n te rfere with the proposed met hod , a s impl e  
modif icat ion  o f  t h e  sample so l ut i on  afforded u na m biguous  a n d  sensi t ive 
detect io n o f  b ismuth as g iven i n  Table 3 . 4 .  
3 . 3 . 3. Qu a l i t at i ve a n d  S e m iqu a n t i t a t i v e D e t e r m i n a t i o n  o f  
B i s m u t h (l l I ) w i t h  I m m o b i l i z ed a n d  P l a s t i c i z e d  D i t h i z o n e ­
T r i b u tylph o sph ate Foam 
I n  aqueous acidic so lu t ion  b ismuth ( I I  I )  reacts w i th  d i th i zol"'f'  t o  form 
an  o range-brown colou red comp lex .  Th is  react ion was employed for  t h e  
(97) 
Table 3 .2 .  E ffect of diffe rent cat ions on the detect ion  of 1 Ilg bismut h (I I I )  by F2H2Dz- loaded foam. 
Foreign ion Added compound Colour of  t he foam" 
La ( I I I )  La( N 03b·6H20 White 
C o ( I I I )  COC12 · 6H20 White-Vio let 
B a ( I I I )  BaCI 2 White 
C a ( I J  ) CaC I2  White 
S r ( I I )  S rC1 2 · 6H20 Wh ite  
Mg ( I I )  MgS04 Wh ite 
NH + 4 N H4C I  Wh ite 
Na+ NaCI  Wh ite 
K+ KCI White 
L i  L iC I  Wh ite 
A I ( I I l )  KAI (S04)2 . 1 2H20 White 
G a ( I I I )  GaCI3 Wh ite 
As ( I I I )  NaAs02 White 
• The foam colour  of t he  blank test , i . e .  i n  t he  absence of bismuth ( I I I ) .  
Amount o f  the  B isml l th ( I l I )  
foreign  ion  * *  ( m g )  f o re ign ion 
1 0  1 :  1 x 1 04 
0 . 0 0 1  1 : 1 x 1 0  
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 ' 1 x 1 04 , 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
0 . 1  1 : 1 x 1 03 
1 0  1 : 1 x 1 04 
* *  The amount of foreig n ion below which the  detect ion of 1 Ilg bismut h ( I I I )  can e as i l y  be ach ieved. 
, 
co � 
Table 3.3.  E ffect of various anions on the  detect ion  1 �g of bismuth ( I I I )  by F2 H2Dz- loaded foam. 
Fo reig n ion Added compound Colour o f  the foam* 
Acetate C H3COONa Wh ite  
Tartarate KHC4H406 White 
F- NaF Wh ite 
H P0
2-
4 Na2HP04 Wh ite  
S0
2-
3 N a2S03· 5H20 Wh ite 
2-
S208 K2S20S Wh ite  
W0
2-
4 Na2W04 .2H20 Wh ite 
B r03 KBr03 Wh ite  
S0
2-
4 N a2S04 Wh ite 
• The foam colour  of the blank test , i . e .  i n  the abse nce of bismuth ( I I I )  . 
Amount of the B i s m u t h ( I Il )  
fore ign i on " (mg)  fo re ign  ion  
1 0  1 :  1 x 1 04 
0 . 0 0 1  1 : 1 x 1 0  
1 0  1 :  1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
1 0  1 : 1 x 1 04 
0 . 1 1 : 1 x 1 02 
1 0  1 :  1 x 1 04 
. .  The amount of foreign ion  below which the  detect ion  of 1 )1.g bismuth ( I I I )  can eas i ly  be achieved. 
Note :  I n  case o f  metal ions which inte rfere by  the i r own colours in  solut ion ,  i t  was found  better to  take ou t  the foam cube 
(afte r  shaki ng with the test solution)  and shake it with 5- 1 0  cm3 of water. 
m � 
Table 3 .4 .  Detection of 1 �g bismuth ( I I I ) with 1 , 5-d i - (2- f luorophe nyl )-3- mercaptoformazan i n  t he  presence of some 
i nterfe ri ng ions. 
Foreign ions Added Compound 
Cd2+ Cd Br2 
Fe3+ FeCI3 
N i2+ N ICI2 . 4H20 
Au3+ AuCI3 
Mn04 KMn04 
Mn2+ MnS04 
Pd2+ Pd(N03)2 
Cr3+ CrC13.6H20 
Zn2+ ZnS04 
Oxal ate H2C204.2H20 
V03 N H4V03 
2-
S203 N a2S203 
Tole rance L i mit 
1 : 1 x 1 04 
1 : 1 x 1 04 
1 : 1 x 1 03 
1 : 1 x 1 03 
1 : 1 x 1 03 
1 : 1 x 1 04 
1 : 1 x 1 03 
1 : 1 x 1 03 
1 : 1 x 1 03 
1 : 1 x 1 03 
1 : 1 x 1 03 
1 : 1 x 1 03 
-- --
Note 
Add few crystals of sod ium s h lph ite 
Add 1 ml of N a F  (1 M) 
Add few drops of KCN (1 M) 
Add few crystal of sod ium su l ph ite and adjust pH .:. 1 
Add one crystal of sod ium azide 
Add bromine water and bo i l  the sol ut ion 
---
Add one crystal of NaF o r  th iourea 
Add H202 and boi l  the so lut io n  
Adjust pH < 2 o f  the aqueous solut ion with H N 03 ( 1  M )  
Add bromine water and boi l  t he  sol ut ion 
Add 1 m l  of N a F  ( 1  M) 
Add brom ine  water and boi l  the so lut ion 
---- -
5' 
o 
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detectio n  o f  b ismuth ( l I l ) i n  aqu eous sol u t i on  us ing  po lyu re thane foa m .  
Po lyurethane foams loaded wi th H 2 D z  a n d  p last ic ized H 2 D z -TBP foams 
have bee n employed fo r the detect ion o f  bismuth ( l l I )  in  ex t reme ly  d i l u te  
aqueous so lu t ions v ia batch and co l u m n  modes of  ex t ract ion .  As l ow as 
0 . 02 ppm b ismu t h ( l l l ) was easi l y  d etected by shak i n g  one c u be o f  
H 2Dz-loaded foam o r  p last icized H2Dz-TBP foams w i th  3 -5  m l  of  the  test 
so lu t ion  in a test t ube .  These data are in good ag ree men t  with t hat 
report ed by H amza ef al. , 1 990 .  In the case of  t he  pl ast ic ized foam the  
co lou red co mp lex  was developed rap id ly  o n  t he  re lat ive l y  h i gh  su rface 
area  of the  foam .  The t ri buty lphosphate i ncrease the  pe rmeab i l it y  of  t he 
foam which wi l l  e n hance t h e  rate of  so rpt i on  of  t h e  co mp lex  B i ( H Dz )3 
f ro m t h e  aq ueous  s o l u t i o n .  T h e  sem iquan t i ta t ive  de te rm i n at i o n  o f  
b i smut h ( l I l ) i n  aqueous sol u t ion  was also ach ieved b y  a comparison o f  
t h e  co l o u r  o f  t h e  pl ast ic ized H 2 Dz - T B P  foam cu bes wit h a standard 
col o u r  sca le  ra ng i ng  fro m 0 . 02- 1 0  ppm b ismut h ( l I l )  so lu t ions  u nd e r  t h e  
same experi m e ntal condi t ions .  
The proposed H2Dz- loaded and p last ic ized H 2 Dz-TBP foams we re 
a lso  e m p loyed i n  co l u m n  mode fo r t h e  detect i on  of b i smut h ( I I I ) at 
sma l l e r  amou nts (� 0 . 0 1 ppm) .  I t  was found  t hat as low as I ppb o f  
b i smut h ( I 1 I ) cou ld  eas i l y  be detected i n  aqueous so lut io n  by pe rcolat i ng  
250 ml of  the  tes t  so lu t ion t h rough the  foam co l u m n  a t  2 -3  cm3 m in - 1 f low 
rate .  The length  o f  the co lou red zone i n  the case of  the p last icized H2Dz­
foam was found proport iona l  to t he b ismut h ( I ! I ) conce nt rat ion  ,F ig .  3 . 6 ) .  
[ 1 0 1 ] 
Therefo re ,  sem iqu ant i tat ive dete rmi nat ion  of  b i smuth  is  a lso poss ib l e  
us i ng  standard co lour  scale rang i ng  f ro m  1 -40 ng m l - 1 . 
Obv i o u s l y ,  t h e  re su l t s  o bta i n ed w i th  1 , 5 -d i ( 2 - f l u o ro p h e n y l ) - 3 -
mercapto fo rmazan are much better  t h a n  t hat obtai ned b y  d i th izo n e .  The 
h i ghe r  acid i ty of  F2 H 2 Dz (pKa = 4 . 05)  and t he  re lat ive ly  h igher  stabi l i ty  
constant  o f  i ts  b is m u t h (  I I I )  co m p lex  ( l og kex = 1 1 . 49 )  co mpared to  
d i th i zone ( pka = 4 .7 )  and  i t s  b ismut h ( 1 I I )  co mp lex  ( log  kex  = 9 . 75) may 
part i a l l y  accoun t  for t h is  behavio u r  ( Kiwan and Kass i m ,  1 977 ) .  T h e  
d i f fus ion rates of  B i ( F2 H Dz h  a n d  B i ( HDzh t h rough  t he  t h i n  membrane  o f  
t h e  p o l y u re t h a n e  foam may  a l s o  pay  s i g n i f i c a n t  ro l es  i n  t h e  
p reconce ntrat ion step by the  foam. 
[ 1 02) 
CH A PT E ', 4 
C O N C L U S i O N  
4 . 1 . C O N C L U S I O N  
U n loaded polyether  based po lyure thane foam i n  batch and co lu m n  
modes can b e  app l ied to t rap t race amou nts o f  some pyreth ro id  and 
phosphorous i nsect ic ides fro m  aqueous media .  The so rpt ion  prof i les  of  
Malat h i o n  and Parat h i o n  in  the p rese nce o f  a lka l i  meta l  i o n s  w e re 
cons is tent  w i th  t h e  so lvent  ex t ract i on  mechan i sm ,  w h i l e  t h e  retent io n  
behav iour  o f  C ypermeth ri n  and Ch lo ropyri fos were i nd icat ive o f  a cat ion­
che lat ion  mechan ism . Stud ies on  the  extract ion of  t he  tested i nsect icides 
by the un t reated foam i l l ustrated t h e  i mportance o f  t he  ext ract ion  media 
and the  mo lecular we ight  of  the  sorbate .  
The study o f  t h e  tested compo u n d s  s h ows t h at so m e  o f  t h e  
i nsect ic ides a re ex t racted i n  t h e i r  neu t ra l  fo rm b y  a s i mp le  so lven t ­
ex t ract i on  mechan i s m .  Th is  concl us ion  is supported by t h e  short t ime 
requ i red for  t h e  extract ion  eq u i l i bri u m  and t h e  sa l t i ng-out  phenomenon .  
Separatio n  o f  t he  tested species can be  ach ieved provided that t he re i s  a 
suf ficien t ly  l arge di f fere nce i n  the  opt i m u m  co ndit i on  of  extract i on  o f  each 
co mpou nd .  Open  ce l l  t y pe res i l i e n t  po l y u re t h a n e  foams e x h i b i ts 
exce l l e nt hydrodynamic propert i es wh ich permi t  t he i r  ut i l i zat ion i n  rapid 
separation  in col u m n  mode operat ions at relat ive ly  h i g h  f low rate wi thout 
s i gn i f icant i mpai rment  o f  the separat i on  eff ic ie ncy.  Moreover, the foa m  
of fers a w i d e  range  o f  m od i f icati o ns than  n ormal g ranu la r  so l ids .  The  
g oo d  hyd rod y n a m i c  p ro p e rt i e s  o f  t h e  foam s o rb e n t  g i v e  u n i q u e  
adva ntag e i n  rap i d ,  v e rsat i l e  and  preconce n t ra t i o n  o f  t h e  t e sted 
com po u nds .  
[ 1 03) 
The  resu l t s  o f  p lan t  ana l ys is  showed a s i g n i f i can t  e f fect o f  
C h lo ro py ri fos on  t he  dry a n d  wet we igh t  o f  To mato a n d  Pars ley  p lant 
l eaves .  A s ig n i f icant e ffect on  t he  n i trogen  co nten t  and t race meta ls  
(P ,  Na ,  K ,  Zn ,  Cu ,  M n  and Fe)  was also ach ieved o n  comparison o f  t h e  
co n t ro l l e d  a n d  u n co n t ro l l ed Pars l e y  a n d  T o m a t o  t re a t e d  w i t h 
C h lo ropyr i fos for periods of  24,  72 and 1 20 h rs .  
T h e  res i l i e n t  o p e n - ce l l  t ype po l y u re t h a n e  foam m e m b ra n e s  
r e p r e s e n t  a n e w  t y p e  o f  c h ea p  a n d  e f f ic i e n t  s e p a rat i o n  a n d  
p reco ncen t rat ion  medi u m  wi th  steadi l y  versat i l e  appl icat i on  i n  i n o rgan ic  
spec ies  ana lys is .  The  i m mo b i l i zat i on  o f  the  F2 H 2 Dz- or  H 2 D z o n  
po l yu re thane foam extends the  appl icat ion  o f  the  foam o n  the 'Se f' � i t ive ,  
se lect ive  detect ion  and semiquant i tat ive determ inat ion  o f  b ismuth ( I I I ) i n  
ex t reme ly  d i l u te  aqueous so lu t ion  b y  compar ison o f  t h e  col ou r  scale  o f  
t h e  foam cu bes wit h standards prepared u nder  t h e  same e xperi me ntal  
co nd i t i o ns .  Removal  of t h e  i n t e rfe re nce 0f  t h e  d iverse  i o ns on t h e  
detect ion  o f  b ismut h ( I I ' ) i n  water  by t he  p roposed procedu re i s  o f  p ri me  
i mportance .  I t  seems t hat po lyu re thane foam m e m branes w i t h  f i rm ly  
ancho red f u nct i o n a l  g ro u p  cou ld  o ffe r n e w  h o r i z o n s  i n  se parat i o n  
scie nce a n d  techno logy .  
[ 1 04]  
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